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THE MARTIN NIGHT BOMBER 





geese! THE WAR 


Officially, it has surpassed the performance of every 
competitor. 








The forerunner of the wonderful 


AERIAL FREIGHTER and 
TWELVE PASSENGER AIRPLANE 


The skill and ability of the HOUSE OF MAR¥IN con- 
tinue to maintain Supremacy of Performance and Depend- 
ability which they have held since 1909. 





THE GLENN L. MARTIN COMPANY 


CLEVELAND 





Contractors to the United States Government 
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‘Hall Scott L-4 Engine“ 


carries first Airplane 
Mail to Canada 
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B aige practicability of the 
Hall-Scott Liberty Four for 
Commercial use has been thor- 
oughly proved in a series of 
flights, the most interesting of © / 
which is that of the Boeing 
Seaplane in carrying the first | 
mail from Canada to the 
United States via air route. 


This flight, briefly des- / ~« 





interesting toeveryonein- | 
. . hy ° 
terested in aerial trans- / 


portation. | 





Bulletins descriptive of the 


Engines mailed upon request 


| HALL-SCOTT MOTOR 
CAR COMPANY 


GENERAL OFFICE: 
Crocker Building, San Francisco;Cal. 


PLANT: 
Berkeley, California 








CANADIAN PACIFig, 


cribed in the attached let- | ee aes td 
ter should prove intensely | @“ diz¢ 


Hall-Scott L-4 or L-6 Airplane | A - ha, 
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Sales 
Department 


Times Bldg. 


Factory 
Keyport 
New Jersey 















The experimental age of the airplane has 
been passed. With its part in the war now a 
bright epoch in history, the airplane is going 


to create history in the world of commerce. 
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Why Walnut is Better Than 
Other Woods for: Airplane 
Propellers 


HIS is a question of vital importance to the 
aviator whose life depends upon the reliability 
of his propeller. The fact that walnut is better than 
other woods for propellers is an established fact, 
recognized by all authorities on the subject. The 
reasons why it is superior are not always so clearly 
understood by the users of propellers. THREE 
PRINCIPAL REASONS FOR THE SUPE- 
RIORITY OF WALNUT ARE AS FOLLOWS: 
Walnut is very light and has great strength 
and shock resisting qualities. 
Walnut is the most substantial and most 
durablé cabinet wood known to the wood- 
working industry. 
Properly dried walnut will never shrink, 
warp or twist after it has been manufactured 
into a propeller. 


Write us for catalog and further information on Walnut 
Propellers, complete—from the log to the finished pro- 
peller blade. We design propellers as well as build them. 


HARTZELL WALNUT PROPELLER CO. 
PIQUA, OHIO 
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“Just what difference is 
there between Non-Gran 
Bronze and bronze made to 
the same formula by another 


foundry >?”’ 








6 E had some castings made to your formula,’’ con- 
tinued the Purchasing Agent, “‘but our Engineering 
Department reports that they don’t stand up like Non-Gran. 
What do you put into your material that makes it so ever- 
lastingly durable ?’’ 
**It is all in the foundry practice,” replied the Non-Gran sales- 
man. ‘*The process of alloying and casting Non-Gran is the 
result of ten years’ specialization on this one alloy. No other 
metal ever gets inside our foundry. 
**The fundamental reason for the superiority of Non-Gran is 
that it is made to meet a quality ideal. We do not sacrifice 
quality to meet price. Non-Gran is bought by manufacturers 
who recognize the insurance against bearing troubles that 
Non-Gran provides. 
**Recently a Factory Manager told me that his Company lost 
more on one lot of defective castings than the total difference 
in cost of Non-Gran for a year’s requirements. 





**We safeguard our customers’ interests by making sure that 
every Non-Gran Bearing has the same superior quality. ”’ 


ISN’T THIS THE KIND OF SERVICE YOU WANT TO TIE UP WITH? 


American Bronze Corporation 
Berwyn Pennsylvania 











BEARING BRONZE 
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OLMSTED PROPELLERS 





ER eS 


The C. M. O. Physical Laboratory, Inc., Buffalo, N. Y. 


inserts the following advertisement concerning the unique propellers, which because of 
high efficiency were selected by the Navy for the trans-Atlantic NC boats. 

DESIGNER: Charles M. Olmsted, A.B., A.M., Harvard, Ph.D. Univ. of Bonn; 
formerly a physicist of the Carnegie Institution of Washington, now president of the 
C. M. O. Physical Laboratory, Inc. 

DIFFERENCE: The basic underlying theory, according to which the radial dis- 
tribution of blade surface and angle is determined, is original with Dr. Olmsted, and the 
resulting blade is much wider at the base and narrower at the tip than standard practice. 
This is clearly seen in the above photograph 
of the Navy trans-Atlantic hydro-aeroplane 
equipped with Olmsted propellers. 


ADV ANTAGE: Olmsted propellers in- 
variably hold the motor to within a few per 
cent of the predetermined revolutions and 
deliver at these revolutions a greater flying 
thrust than is attainable with any other blade. 

TESTS: Numerous official Army and 
Navy tests have invariably proved that the 
Olmsted type of blade is more efficient than 
the most skillfully designed and constructed 
blades of the type now in common use. We 
print herewith curves made from the figures 
of a recent official Navy test. Notwithstand- 
ing the fact that the Olmsted propeller in- 
creased the climb in ten minutes by 52% while 
holding the motor to exactly the same revolu- 
tions, the same propeller also increased the 
maximum horizontal speed several miles per 
hour. 
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o ear sr a ee ets PATENTS: The Olmsted type of blade 
100 200 300 400 Ftp | 18 fully covered by U. S. and foreign basic 
RATE of CLIMB riwte | form patents which are owned by 





THE C. M. 0. PHYSICAL LABORATORY, INC., BUFFALO, N. Y. 
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AEROPLANE CRANKSHAFTS 








WYMAN-GORDON HIGH DUTY CRANK- 
SHAFTS did their full duty in Aeroplane 

t Motors used by the United States and Allied 
Nations. 


We are justly proud of our contribution to the 
General Aeronautical Program. 








WYMAN-GORDON COMPANY 


The Crankshaft Makers ; 
Worcester, Mass. Cleveland, Ohio 
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I ieee a few of the factory report forms used in the testing, checking, gauging 
and inspection systems by which New Departure quality is persistently maintained, 
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HE brilliant suecess which attended the progress 

of the NC Seaplane Division 1 in its flight to the 

Azores, and which was marred only in part by 
the fog, is a lasting monument to the professional skill 
of our naval aviators as well as to the worth of Ameri- 
ean seaplane construction. 

While Commander Read carried off the laurels for 
sheer flying performance by making a 1,200-mile non- 
stop flight from Trepassey to Horta, Commander Tow- 
ers’ successful sailing of his disabled seaplane for two 
days in heavy seas and storms is an achievement that 
deserves a place of its own in the annals of aviation. 
This surface cruise of 200 miles brilliantly shows up the 
seaworthiness of the large boat-type seaplane, originated 
and developed by Glenn H. Curtiss, and its great possi- 
bilities for ocean travel, while it sheds a new light on 
the grit and resourcefulness of the United States Navy. 

While Commander Bellinger was less successful in his 
attempt to reach the Azores with the NC-1, his flight, 
which ended but 100 miles off the goal, is evidence of 
of the Liberty engine, which worked 
faultlessly on all the three seaplanes. 


the excellence 


Hawker and Grieve 

The unsuccessful attempt of Harry G. Hawker and 
Commander Mackenzie Grieve, R. N., to win for Great 
Britain the blue ribbon of the transatlantic flight is a 
tale of heroism which will be indelibly inseribed upon 
the rolls of honor of the British race and of mankind. 

To attempt to cross 1900 miles of ocean without alight- 
ing in a land machine demands more than ordinary 
determination and endurance; therefore the news that 
the two gallant Britons have been rescued after hope 
had almost dwindled as to their chance of survival will 
cause universal rejoicing. 


The Flight of the C-5 

The meteoric career of the United States naval air- 
ship C-5 affords a highly instructive object lesson to all 
those concerned with the development of lighter-than- 
air craft. 

On the one hand, we have the outstanding fact of an 
American-built and American-manned airship of com- 
paratively small size—180,000 eu. ft—making under 
most adverse weather conditions a non-stop cruise of 
1,100 miles and reaching its destination according to 
plan, whieh demonstrates that the airships of the United 
States Navy are, within their class, second to none. 

On the other hand, the unfortunate loss of the C-5 
serves to indicate that the problem of mooring an airship 
in a wind-swept area has not been fully solved as yet. 
467 


The three-point ground anchorage for airships, which 
failed in Newfoundland, answers its purpose under aver- 
age weather conditions, and has the merit of low cost 
and ease of assembly. But in a gale this mooring puts 
the envelope and rigging of a nonrigid to an unduly 
high strain because the wind impinges upon the airship 
tangentially instead of co-axially; this gives, further- 
more, rise to a lifting component which varies with the 
strength of the wind and therefore causes longitudinal 
oscillations. In other words, the airship pitches on its 
moorings, with the ensuing risk of having the envelope 
damaged if the wind be strong enough. 

Experiments carried out abroad lead to the conclusion 
that instability on the moorings can best be overcome 
by the use of mooring masts provided with a canvas 
cup, to which the airship fastens her nose and then 
swings freely with the wind. Of course, nonrigids re- 
quire special reinforcément on the nose, but otherwise 
this solution appears extremely simple and workable; 
it has in faet given remarkable results abroad, some 
ships thus moored having outridden winds of 50 m. p. h. 
The development of a mooring mast, built in sections 
so it could be easily transported, assembled and taken 
down again, therefore seems to demand the immediate 
attention of airship constructors. 

The Air Mail Service 

The first annual report on the operation of the air 
mail service between Washington and New York, which 
has just been made public by the Post Office Department, 
is a document of more than passing interest and its 
perusal is well worth the time of all those interested 
in the development of commercial aeronautics. 

The outstanding features of this report are: that 
out of a possible 138,310 miles there were flown 128,255 
miles, that is, a performance of 92.73 per cent.; that 
out of 1,263 trips only 55 were not undertaken or failed 
for various reasons—a default of only 4.4 per cent; that 
during these twelve months there have been only thirty- 
seven forced landings; that the six airplanes which en- 
tered upon this service a year ago are, with the same 
engines, still in commission, rendering continuous ser- 
vice; that there has occurred no single fatal accident 
and only two serious and six light injuries in flying 
operations; and finally, that the balance sheet of the 
service shows a net surplus of over $19,000. 

The record of the air mail not only bears testimony 
to the careful and efficient manner in which the service 
has been operated by Hon. Otto Praeger and his assis- 
tants; it also proves beyond dispute that the era of 
aerial transport has truly arrived. 








Development of the NC Seaplanes 


The history of the inception and development of the NC seaplanes, with additional 
information on some of their hitherto unknown constructional features and equip- 
ment, has been made public by the Navy Department and is printed herewith in part 


The inception of the NC type of seaplane dates from Aug. 
27, 1917, when Rear-Admiral David W. Taylor, Chief Con- 
structor of the Navy, suggested in a memorandum to Naval 
Constructor J. C. Hunsaker, U. S. N., his assistant for 
aeronautics, the desirability of developing “a big flying boat, 
or the equivalent, that would be able to keep the sea (not 
the air) in any weather, and also be able to fly across the 


preliminary studies prepared in the bureau and proposed that 
the design have a short hull, with a tail carried high above the 
water on outriggers. This idea was adopted, in view of the 
greater seaworthiness, weight-saving, and ares of fire which 
such a construction appeared to permit. 

Plans were then prepared in the bureau for a boat of this 
character to be fitted with three engines, and for one to be 














FoRWARD AND MippLe Portion oF THE NC-1 Writu Four Liserty ENGINES AND OLMSTED PROPELLERS 
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Atlantic to avoid difficulties of delivery and whereby the 
submarine menace could be abated, even if not destroyed, from 
the air.” Attention was ealled in this memorandum to the 
fact that the Liberty engine gave good promise of being a 
success and would therefore furnish a satisfactory power 
plant for these seaplanes. 

Studies were immediately undertaken by the Aircraft Di- 
vision, Bureau of Construction and Repair, to apply the 
Liberty engine to a large seaplane. 

Admiral Taylor, after discussion of the problem, directed 
the preparation of tentative plans to show in a preliminary 
way the size and nature of a design of large flying boat to 
combine the maximum of seaworthiness consistent with suf- 
ficient endurance to fly across the Atlantic to the anti-subma- 
rine operating bases in France and England and to be capable 
of earrying heavy depth charges and a large battery of 
machine guns covering every angle of fire. It was anticipated 
that the boat would be attacked in the air by enemy aircraft. 


Preparation of Plans 


On Sept. 9, 1917, Glenn H. Curtiss was requested by wire 
to come to Washington to diseuss the proposed design. He 
arrived the following day, with Engineers W. L. Gilmore and 
Henry Kleckler. Mr. Curtiss and his engineers went over the 
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fitted with five engines. The predicted performance was com 
puted for each boat, from whieh it appeared that the three 
engine boat could be made to satisfy the general requirements 
of the problem and could be much more quickly built and with 
smaller risk of failure. Admiral Taylor accordingly directed 
that the design staff of the bureau be put on the plans of the 
three-engine type. Investigations were at once undertaken to 
determine in a preliminary way the construction of wing 
beams, struts, and the prineipal structural members, the pre 
portions of wing area, fin, and control surface areas, ete., and 
the materials to be employed for important parts. The gen- 
eral appearance of the design was worked out, and the proce 
dure established to be followed in making the detail drawings. 


Wind Tunnel Tests 


A three-foot model of the design was then made exaetly 
to seale and tested by Dr. A. F. Zahm in the wind tunnel of 
the Washington Navy Yard. From his investigations of the 
forees on this model, when held in a seventy-mile an how 
artificial wind, size and arrangement of tail-surfaces needed 
to guarantee stability and correct balance in flight were deter 
mined. With a machine of the unprecedented size contemr 
plated it was virtually necessary that there should be no doubt 
on this score, as an accident on the trial flights would set the 
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project back many months, besides risking the lives of six to 
eight men of the crew. 

The design being worked upon was of dimensions so far 
beyond any previous experience in this country or any of the 
designers in the United States that much unfamiliar territory 
would have to be covered. In order that the cesign might be 
successful, new methods of construction would be required, as 
otherwise the weight of the design would increase with such 
rapidity as to make success impracticable. In the state of 
design information and knowledge as it existed in the United 
States on that date, this necessity was one of the greatest 
seriousness, and one which imposed upon the personnel con- 
nected with the design a great amount of investigation and 
experimenting in the working out of the details referred to. 
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work coming under that bureau, and for this purpose placed 
in charge, as its field representative, Naval Constructor G. C. 
Westervelt, U. S. N., whose headquarters were at the plant 
of the Curtiss Aeroplane and Motor Corp. in Buffalo. Active 
work on the detail design was begun in Buffalo early in Octo- 
her. Shortly after the commencement Naval Constructor H. 
C. Richardson, U. S. N., was ordered for temporary duty in 
connection with the design of the hulls for the boats, and 
temporarily left his station at the Naval Air Station, Pensa- 
cola, Fla., to go to Buffalo. 


Hull Design 


The hull designed by this officer was of novel form and 
construction, and embodied directly information obtained 











Mipp.e Portion oF THE NC-3—NOoTE THE CHANGE IN THE MOUNTING OF THE WING ENGINES 


It soon became apparent that the carrying on to the com- 
pletion of design work of such dimensions at the Bureau of 
Construction and Repair in Washington would be impracti- 
cable unless the entire facilities of that bureau were devoted 
to this work. Under the enormous pressure of air matters 
connected with the war which had developed upon this bureau, 
in common with the other bureaus of the Navy Department, 
this was entirely impracticable, and it was decided to arrange 
with the Curtiss Aeroplane and Motor Corp. of Buffalo, N. 
Y., to complete the drawings with their own design facilities, 
and with the contribution by themselves of such ideas of value 
as might develop under the control and supervision of the 
bureau. 


Contract for Designing 


A contract was therefore made with the Curtiss Co. for the 
performance of this, the drafting and designing work. Under 
the terms of this contract they were to earry out all the work 
directed by the Navy Department, furnishing in connection 
therewith all facilities necessary. The Bureau of Construction 
and Repair reserved to itself the direction and oversight of all 


from his successful seaplane pontoons. The trial later showed 
that the form adopted represents a very important improve- 
ment over the conventional flying boat hulls. The lines were 
based on model experiments. A series of models of hulls 
were made up and tested by Naval Constructors McEntee and 
Richardson in the towing basin at the Washington Navy Yard, 
and the planing properties of each investigated. The best 
of the series was adopted for the lines of the flying boat, with 
confidence that there would be no disappointment in the 
breaking away from the water. To the working out of the 
structural details of the boat’s hull W. L. Gilmore of the 
Curtiss Co. contributed much valuable assistance. 

This large flving boat was very shortly designated as the 
NC-}. In this designation the “ N ” is for the Navy, the “C” 
for Curtiss, and the “1” is intended to indicate the first of a 
series of combined Navy-Curtiss designs. As the name would 
indicate, the design itself is a composite of ideas, these ideas 
being contributed by many persons, and being chosen and 
incorporated into the design on the basis of suitability and 
merit and without any reference to source. 
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Detail Design W ork 

In carrying on the actual work of design, the 
whole was first divided into its main elements. 
elements were designed or approved by the Bureau of Con- 
struction and Repair. The details of these main elements 
were then distributed to the members of the design force at 
Buffalo working upon them. All ideas, whether of the Curtiss 
Co. or of the Navy, were pooled, and, as details were worked 
out, the decision as to the solution to accept was made as a 
result of discussion. 

When this design had progressed sufficiently far to make 
possible an investigation of its resistance and speed it was 
found that the power available in the three Liberty engines 
would be sufficient, and the weight and dimensions were 
accordingly fixed as the following: 

Flying weight, 22,000 lb.; span, 126 ft.; chord, 12 ft.; gap, 
13 ft.; length over all, 68 ft. 34% im.; length of hull, 45 ft.; 
total wing area, 2,380 sq. ft.; engines, three low compression 
Liberty type M, developing each 330 hp. at 1590 r.p.m.; 
weight (empty), 13,000 lb.; speed, 80 m.p.h. 

This design is the one which has been worked out and com- 
pleted. 

In the latter part of December the major portion of the 
engineering and design staff of the Curtiss Aeroplane and 
Motor Corp. was taken over by the Curtiss Engineering Corp. 
at Garden City, N. Y., and was transferred there, taking with 
them the work in connection with the NC-1 design. At that 
plant the drawings were completed and arrangements for 
building made. 


design as a 


These main 


Authorization 

By the early part of December, 1917, the design had pro- 
gressed far enough and gave sufficient promise of success to 
justify the Bureau of Construction and Repair, after obtain- 
ing concurrence of the Bureau of Steam Engineering as to 
the power plant, in requesting authority to have four of the 
type built. This authority was received from the Secretary of 
the Navy, and instructions were issued for the preparation 
of a requisition for the covering of the expenditures involved. 


It was to be feared that the throwing of this work of con- 
struction upon the airplane manufacturers, already over- 
burdened with other demands, would result in delaying air- 


plane work already in progress for the Navy Department. 
This apprehension was expressed in the following letter, in 
which authority was extended for the construction of these 
large flying boats: 
Navy DEPARTMENT 
Washington, D. C., Dee. 21, 1917. 
To Bureau of Construction and Repair and Bureau of 

Steam Engineering. Subject: Three-Engine Flying 

Boat Proposed. 

1. The bureaus are directed to prepare a requisition 
as recommended in their joint letter of Dee. 7, 1917. 

2. The construction of these seaplanes shall in no way 
interfere with the production of aircraft to meet the 
program already laid Ccown, nor with the development 
and construction of special types of aircraft as recom- 
mended by commander naval aviation forces abroad. 

JOSEPHUS DANIELS. 


Contracts for Construction 

A contract was thereupon made with the Curtiss Engi 
neering Corp. for, the building of four flying boats of the 
NC type. Due to the large size of these boats, and to the many 
novel features of construction involved, it was impossible to 
estimate with any degree of accuracy the probable cost, and, 
accordingly, the contract awarded the Curtiss Co. was on the 
basis of cost of work plus a percentage for profit. This 
required the placing of this work under the close supervision 
of the department, and this supervision through the building 
of these flying boats was exercised for the Bureau of Con- 
struction and Repair by Naval Constructor C. C. Wester- 
velt. 

The plant of the Curtiss Engineering Corp. at Garden City, 
N. Y., was of insufficient size for the building of flying boats 
of the dimensions of the NC-1. It was accordingly necessary 
for the Navy Department to authorize the building, at its 
own expense, of a building attached to this plant of sufficient 
size for the complete assembly of two of these flying boats 
at one time. In addition, as the ordinary facilities of the 
Curtiss Co. were such that it was certain that the attempt of 
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that organization to carry out in complete detail the entire 
construction of these flying boats would be productive of most 
serious delays in completion, it was decidea to build them on 
the assembly basis. 

That is to say, the various elements would be built by 
various manufacturers building a product of somewhat simi- 
lar nature, or one requiring workmen of similar qualifications 
to those ordinarily employed for work of the nature of that 
in contemplation. These different elements would be shipped 
to Garden City, to be there assembled into the completed 
flying boats. As a result of this decision, different parts were 
built at the following places: 

Boat Hulls— Curtiss Engineering Corp., Garden City, N, 
Y.; Lawley & Sons Boat Co., Boston, Mass.; Herreshoff Co., 
Bristol, R. 1. 


Tail Beams—Pigeon-Fraser Hollow Spar Co., Boston, 
Mass. 

Gasoline Tanks—Aluminum Co. of America, Pittsburgh, 
Pa. 


Wings, Control Surfaces and Struts—Locke Body Co., New 
York. 

Nacelles, Major Details Gasoline System, and All Wiring— 
Curtiss Co., Garden City, N. Y. 

Metal Fitting—Unger Bros., Newark, N. J.; Beaver Ma- 
chine Co., Newark, N. J.; Brewster Body Co., New York. 

Wing Tip Floats—Albany Boat Co., Albany, N. Y. 

Liberty Engines—Packard Motor Car Co., Detroit, Mich.; 
Ford Motor Car Co., Detroit, Mich. 

There were also not available at any operating station 
hangars of sufticient size for housing these flying boats. Con- 
struction was arranged for by the Navy Department at the 
Rockaway Beach Naval Air Station for a building of suf- 
ficient size for housing two of these boats. Due to their very 
large size, special handling arrangements of the marine rail- 
way type for getting into and out of the water when necessary 
were provided. The Rockaway Beach Naval Air Station was 
chosen for the location of the hangar and handling arrange- 
ments on aeeount of its nearness to the Curtiss Engineering 
Corp. plant and of its excellent location for carrying out the 
flying tests which would be necessary. 


Test Flights of the NC-l 


The first of these flying boats, the NC-1, was completed 
and flown Oct. 4, 1918, or approximately one year from the 
commencement of the design. The trials were a source of 
great satisfaction, as it was soon demonstrated that the con- 
trol and balanee in the air were very satisfactory, and in 
accordance with the prediction of the wind tunnel tests, and 
that the performance on the water was all that could be de- 
-ired and entirely justified the confidence placed in the model 
tests in the towing basin. No structural weakness developed, 
and the speed came out as predicted. In short, this flying 
boat, designed from theoretical and model experimental data, 
eombined with the practical experience of a half dozen or 
more people, performed in every way so close to her designed 
characteristics as completely to justify the methods of the 
naval architect as here applied in the design of a flying 
machine. 

As flying tests on the first boat were continued, many 
changes were tried with a view to improve the original design, 
and as these were found advantageous were incorporated on 
this and on the other three boats then building. 


Change to High-Compression Liberty 


The Bureau of Steam Engineering, at this stage, was able 
materially to improve the performance of the boat by the 
application of new propellers designed in that bureau. The 
NC-1 was originally fitted with standard navy low-compres- 
sion Liberty engines, which were found to be entirely satis- 
factory, but during the period that the NC-1 was being tested 
with these engines the Bureau of Steam Engineering at its 
experimental laboratory at the Washington Navy Yard per- 
fected carburetor adjustments on the high-compression Lib- 
erty engines which materially improved its economy. 

Since the high-compression engine gave greater power than 
the low-compression engine, such engines replaced the original 
installation on the NC-1. With the new propellers and the 
new engines, the boat got out of the water and flew easily 
with a total weight of 24,700 Ib. The designed load was 
22000. 

Besides providing propellers and engines for the boat, the 
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Bureau of Steam Engineering supplied a remarkably efficient 
electric self-starter to each engine. This type of self-starter 
weighed only thirty-five pounds, and by means of this im- 
provement it was possible for the pilot to start any engine 
without leaving his seat. It is believed that this constitutes 
the first application of an electric self-starter to the Liberty 
engine. 

The month of November, 1918, was spent in thoroughly 
trving out the NC-1. Among other flights a round trip from 
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boats a further change was made by omitting the centre 
nacelle and placing the pilots in a cockpit in the hull.* 

These boats, as completed and equipped, with all instru- 
ments, cooling water and fixed accessories, weigh 15,874 Ib., 
and when fully equipped with erew, radio, ice and water, 
spare parts, and with fuel and oil for a flight of 1,400 sea 
miles, weigh 28,000. The useful load carried is, therefore, 
12,126 lb., or over 43 per cent. With the full load of 28,000 
lb., the boats make a speed of 85 m.p.h. and leave the water 
































SipE ELEVATION OF THE NC-1, AS ORIGINALLY CONSTRUCTED 


Rockaway, N. Y., to Washington, via the entrance to Chesa- 
peake Bay, was made with nine persons on board, On Nov. 25 
the NC-1 broke the world’s record for passenger carrying, 
having on board in the air fifty-one persons. One of these 
was a stowaway, who had concealed himself in the interior_of 
the hull for over an hour prior to the starting of the flight, 
and is probably the first man to deliberately stow himself 
away on an airplane in order to make a voyage. On these 
flights Naval Constructor Richardson was in charge and was 
one of the pilots. 
Four-Engine Installations 


After making various minor improvements, it was con- 
eluded that the ma:imum which could be obtained from three 
Liberty engines had been reached, and no further improve- 
ments in performance could be expected until geared engines 
became available. It was believed that the geared engines 
were still in an experimental stage. It was apparent, how- 
ever, that the flying part of the craft could sustain a greater 
load if more power were available, and it was accordingly 
decided to add a fourth engine, making a total of 1600 hp. 

The second boat completed, designated as NC-2, was there- 
fore fitted with four Liberty engines, arranged as two pairs 
of tandems, and on its trials.in March, 1919, successfully flew 
with a total weight of 28,000 Ib. The addition of the fourth 
engine, which increased the dead weight of the boat by about 
1,500 lb., permitted about 3,300 lb. of extra weight to be ear- 
ned, or a net gain of 1,800 lb. 

The NC-3 and NC-4 were completed in April, 1919, and 
were likewise fitted with four high-compression Liberty en- 
gines, but with a somewhat different arrangement. In these 
two boats two engines were arranged on the central line as a 
tandem pair driving a tractor and a pusher propeller, respec- 
tively, with the other two engines mounted on the wings as 
tractors, as were the wing engines on the NC-1. In these 


Wiru THREE Liperty ENGINES AND WING GUN-TURRET 


easily. At the average loading of 24,000 lb. the full speed is 
95 m.p.h. . 


Hull Construction 


The hull or boat proper is 45 ft. long by 10 ft. beam. The 
bottom is a double plank Vee, with a single step somewhat 
similar in form to the standard navy pontoon for smaller 
seaplanes. Five bulkheads divide the hull into six water-tight 
compartments, with water-tight doors in a wing passage for 
The forward compartment has a cockpit for the look- 
out and navigator. In the next compartment are seated side 
by side the principal pilot, or aviator, and his assistant. Next 
comes a compartment for the members of the crew off watch 
to rest or sleep. After this there are two compartments con- 
taining the gasoline tanks (where a mechanician is in attend- 
ance) and finally a space for the radio man and his apparatus. 
The minimum erew consists of five men, but normally a relief 
crew would be carried in addition. 

The hull is designed to have an easy flaring bow, so that 
it can be driven through a seaway to get up the speed neces- 
sary to take the air, and a strong Vee bottom to cushion the 
shock of landing on the water. The combination of great 
strength to stand rough water, with the lightweight required 
of anything that flies, was a delicate compromise and it is 
believed that a remarkable result has been obtained in this 
design. 

The bare hull as completed by the vacht builder and ready 


access. 


*In the meantime the NC-1 was rebuilt to conform to the engine 
arrangement which proved successful on the NC-3 and the NC-4. The 
principal remaining difference between the latter and the NC-1 is that 
the wing-engine nacelles of the NC-3 and the NC-4 are fitted somewhat 
below the level of the center engine nacelle, and are streamlined. The 
bracing of the wing-engines has furthermore been simplified on the 
Three and the Four, the nacelles being supported on pyramid-like 
structures of steel tubing (which take the place of the inner engine 
struts of the NC-1) and are braced to the center engine nacelle by 
steel tubes.—Editor 
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for installation of equipment weighs only 2,800 lb., vet the 
displacement is 28,000 lb., or one-tenth of a pound of boat 
per pound of displacement. This lightness of construction 
was attained by a careful selection and distribution of mate- 


The keel is of Sitka spruce, as is the planking. Longi- 
braced with 


rials. 
tudinal strength is given by two girders of spruce 


steel wire. To guarantee watertightness and yet keep the 
planking thin, there is a layer Of muslin set in marine glue 
between the two plies of planking. 
Wing Construction 
The wings are of R. A. F. 6 eurve and earry in flight a 
maximum load of 11.7 Ilb./sq. ft. The structural weight of 


The total wing area is 2 
not 


the wings is 1.2 lb./sq. ft. 


Wings of this size could be constructed by the 


method and materials without materially exceeding this figure, 


4 Clearance 


The wings are arranged as a biplane with the necessary 
struts and wires to give girder strength. For lig! 
struts are made up as a spruce box, but to decrease resistance 
this square portion is inclosed in a fairing ot To 
reduce any tendency of the struts to bow under load, the mid 
dle points are connected with a steel cable. The diagonal 
bracing between the wings is by means of a steel cable in 
pairs. These cables are arranged to lie on 
with a spruce batten between to reduce resistance. 

Ailerons are fitted to the upper planes only and 
6 ft. bevond them. 3 


mess the 


fibre. 


Stitt 


behind the othe 
project 
Their total area is 265 sq. 

The wing pontoons each weigh 95 lb. and displace 

The metal fittings where struts and 
the wings pre sented a serious problem. 
taken care of that it 
the usual methods of the airplane builder and 
the bridge designer. All torees, acting at a Joint, pass thro ivh 
centre. In this ease, as in a pin bridge, the 


wires ar istened to 
The rorees TO he 
necessary to ab: 


were so large was 


adop thnose o 


a common 
are all applied to a large hollow bolt at the centre of the wing 
beam. In the design of the metal fitting, to reduce 
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ot metal needed, it was decided to employ a special alloy steel 
of 150,000 lb. per sq. in. tensile strength. To increase bearing 
areas, bolts and pins are made of large diameter but hollow. 

Tail Structure 

The tail structure is built up in the form of a biplane and 
is supported by three hollow booms braced by steel cable in 
such a way as to remain clear of all breaking seas and to per- 
mit a machine gun to be fired straight after from the stern 
compartment without interference. This method of supporting 
the tail structure, beside embodying several other advantages 
such as the reduction of frictional resistance of the hull, has 
resulted in an important saving in weight. 
a total area of 267.6 sq. ft., 
The total area of the three 


The horizontal stabilizers have 
and the elevators, 240.1 cs. 


rudders is 69 sq. ft. 


oq. 


by one man of only normal strength. ‘To insure easy opera- 
control surface was carefully balanced, in accordance 
xperiments wind tunnel on a model of it. 
The operating cables were run through ball-bearing pulleys 
friction eliminated. Finally, the entire craft 
hat the centre of gravity of all weights came 
t centre of lift of all lifting surfaces and the 
face so adjusted that the machine would be inherently 
stable in flio be 
As a result the 
eourse without the 
To 


d ial eontrol 


tion, eac! 


vith «¢ made in a 


and all avoidable 
vas so balanced 1 


] Hani 
resuitan 


boat will fly herself and will continue on her 
constant attention of the pilot. 

strain of flying great distances 
are installed, with the pilot and assistant pilot 


} 
relieve the pilot of the 
sets 
seated abreast. 


Radio Telegraph 


The radio on the NC seaplanes involves two transmitters. 
kw. spark transmitter, the main element of which 
e generator and accessory apparatus, which is 
propeller and is mounted on the deck of the 
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and a great amount of research and experiment has _ beer Power Plant 
necessary to determine the best disposition ot material to . ’ 
ik Phi eh-compression Liberty engines whieh drive the 
adopt. , : - anh 
The main wil 7 ire hollow ru . oat are iounted between the wings, as deseribed before. This 
> ms j ig spars are Hoo spruce boxes i rip 1s . . p 
a tru desioned like oe eon : tien ; ‘ rangem<¢ ( engines has the advantage of concentrating 
f SS Sle nes nC i 1dge, ‘ONSIS Oo 0 ha n ous cap f P P , - 
strips of spruce, corresponding to the upper and lower ¢ rds weights neal e centre of the boat so that it can be maneu- 
, rt ed mo é Si] ? T ‘ P 
of a bridge truss, tied together by an internal web syste! coe Ee Soy se Cc a. h 
vertical or diagonal pieces of spruce. The ribs are 12 ft. long, \ fea that is new in this boat is the use of welded alumi- 

. ’ ni { or ocasoline There are ine 2? ors ‘ r 
but only weigh 26 oz. each. On test these ribs were required a I r gasoune. There are nin e 200-gal. tanks 
to carry a proof load of 450 lb. of sand for 24 hr. without nad s aluminum with welded seams. Each tank weighs 
damage mut se pounds, or .35 pound per gallon of content, about 

An interesting detail of the wing eonstruetion is the hinged é ( cht of the usual sheet steel or copper tank, 
leading edge which incloses the control eables to the ailerons Control Arrangement 
or wing flaps. This eliminates the air resistance of thes : . trol in t] ‘pid patel eesdiolia 
cables, but at the same time they are accessible for inspecti: ARS OGEINE AEE COMNEts 30 Oe Oe Oe ee ee 
by merely swinging up the lea lit ) nm if exact! is in a small airplane, but it was not an easy prob- 
-re Ss iging ) e leat ig edge on Its inges, . 5 
: \ em irrange that this fourteen-ton boat could be handled 
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boat aft. This set weighs only 45 lb., but is used for the regular 
telegraph communication between the seaplanes and stations 
up to a distance of 250 nautical miles. Since this set is driven 
by a propeller, it can only be used while seaplanes are in 
flight. The antenna used for this set is a single trailing wire 
leading from the tail of the boat for a distance of 250 ft. 
down and to the rear. A streamline lead weight holds the 
lower end of this wire down. 

With this transmitter it is possible for the commanding 
officer to send messages from time to time regarding the 
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It is easy enough for short distances to get communication 
with an ordinary microphone, but for long ranges it is impossi- 
ble without the anti-noise transmitter. 

One of the most important of the radio installations on 


these seaplanes is the radio compass. This consists of a set of 
revolving coils mounted in the tail of the machine, on which 
are mounted many turns of enameled copper wire. The radio 
waves are picked up on these coils by revolving the coils until 
the radio signals obtained on two methods of connection are 
of the same strength. 
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PLAN VIEW OF THE NC-C.iass AS Firtep WitH Four Liserty ENGINES 
progress of the flight, to be retransmitted by the nearest shore The operator then knows the direction of the incoming 


station to the Navy Department. Also communication can be 
held with destroyers or other craft and radio compass signals 


or other rormation requested. 


Radio Telephone 


The other transmitter is a combined telephone and telegraph 
transmitter, and operates on a small 12-volt storage battery. 
It is used on an antenna consisting of wires permanently 
stretched on the skid fins on the upper planes so that it may 
be used while the seaplane is in flight or on the water. 

[t is this set which is used for telephoning between the 
planes, arrangement being made so that either the radio opera- 
tors or the commanding officers themselves may communicate 
directly by telephone while the planes are in flight. Such 
interplane telephoning may be carried on up to a distance of 
twenty miles. While on the water this set may be used for 
telegraphing or telephoning a distance of about thirty miles. 

A special feature of the telephone sets is the anti-noise 
microphone, which is so constructed that the engine noises are 
not heard. This is accomplished by having the back of the 
microphone open. The exterior sound waves strike the back 
as hard as the face of the diaphragm, and therefore the effect 
is neutral. The voice waves strike only the face of the dia- 
phragm, and even though the operator cannot hear his own 
radio sets receive enough effect to modulate the 
transmitted wave. 


] 


Voice, the 


Chis single item has been the deciding factor in success or 
failure in long distanee transmission by telephone by airplanes. 


waves. By then reading the position of a pointer on a scale 
on the coils, the bearing of the transmitting radio station is 
determined. This bearing is then communicated by the radio 
operator to the navigating officer by means of the inter- 
communicating telephone, which consists of telephone receivers 
built into the helmets, and the same type of microphone used 
by the operator. 

Using the same inter-communicating telephone system, the 
navigator can telephone to the pilots, giving them the proper 
direction in which to steer the plane. He may inquire of the 
engine room regarding the condition of the engines, or he 
may hold radio telephone conversation with the navigating 
officer on one of the other planes. 

In other words, the inter-communicating telephone makes 
possible constant communication between all members of the 
crews in spite of the terrific noise caused by the engine and 
the wind rush, and in spite of the fact that they are located 
in separate parts of the seaplane. In addition to this the 
radio telephone makes it possible for the commanding officer 
and navigators to talk directly with each other, although their 
seaplanes may be flying at a distance of 20 miles apart. 

The radio compass signals may be received from a destroyer 
at a distance of 75 miles, or from large land stations at a dis- 
tance of 600 miles. 

The regular receiving apparatus on the seaplanes will per- 
mit of reception from land stations of high power at distances 
of several thousand miles. 

The main striking fact 1egarding this radio equipment is 
that, completely installed, it weighs only 200 Ib. 
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In addition to the usual aireraft instruments, the NC sea- 
planes have been equipped with three special instruments which 
answer the purpose of facilitating oversea navigation where 
points of repair are scarce. They are an aerial sextant, a 
drift and speed indicator, and a course and distance indicator. 

The main feature of the aerial sextant, known as the Byrd 
sextant, invented by Lieut.-Comdr. H. L. Byrd, U. S. N., is 
that a bubble in a tube takes the place of the sea horizon and 
observations. A specially constructed lens is used in sighting 
the bubble, which is reflected in a mirror. The sun is reflected 
in another mirror. The observer brings the sun tangent to a 
line at the same time he brings the bubble tangent to the line. 
That gives the altitude of the sun. This is of especial value, 
as the aviator is often above the clouds, and even when flying 
at low altitudes the horizon is too dim to be seen clearly. With 
this new aerial sextant the curvature of the earth does not have 
to be taken into consideration in ealeulating position. The 
bubble is lighted at night, so that night observations may be 
taken. 

Another great problem of the navigator is the caleulation 
of the speed and direction of the wind, both day and night. 
In spite of the reliability of the compass, it can only give the 
course upon which the craft heads, and in determining the true 
course proper allowance must be made for the sidewise drift 
caused by the wind. 

To overcome this difficulty bombs have been invented which 
ignite upon striking the surface of the water and give a dense 
smoke and bright light for ten minutes. An instrument is used 
in conjunction with this bomb which enables the navigator to 
determine the velocity and direction of the wind by sighting on 
the smoke in the daytime and the lights at night. This instru- 
ment, called the speed and drift indicator, has proved sue- 
cessful. 

When the navigator has found the speed and direction of 
the wind, he must then be able to calculate the course to allow 
for this wind. To do this an instrument has been designed to 
solve the triangle of forees, thus doing away with cumbersome 
mathematical calculations. This is very important, beeause in 
aerial navigation positions must be determined very quickly. 
The navigator sits down to work out his “sights,” to fix his 
position, and will be far from his ealeulated position unless 
he works out his caleulations very rapidly, which these instru 
ments enable him to do. 

New methods of astronomical calculations also have been de- 
vised which enable the navigator to make his calculations in a 
fifth of the time that was formerly necessary. A projection 
chart of the Atlantic Ocean has been specially constructed for 
this purpose. This chart, a new invention, does away with diffi 
eult mathematical calculations, enabling the aviator to deter 
mine his position in a few minutes. 


NC-3 and NC-4 Reach Azores 


The NC Seaplane Division 1, under command of Comdr. 
John H. Towers, U. S. N., started on its trans-Atlantie flight 
on May 16, at Trepassey, N. F. The division was at full 
strength, for the NC-4 (Commander Read), which had put in 
at Chatham naval air station for engine repairs while bound 
for Newfoundland, had joined her sister ships in time for the 
start. The NC-4 flew on May 14 from Chatham to Halifax, 
N. S., 300 sea miles (345 land miles), in 3 hr. 51 min., and on 
May 15 from Halifax to Trepassey, 460 sea miles (529 land 
miles), in 6 hr. 20 min. 

The NC-1 (Commander Bellinger), NC-3 (Commander Tow 
ers) and NC-4 (Commander Read) took off at Trepassey at 
9.36 p. m., 10.03 p. m., and 10.07 p. m., Greenwich meridian 
time, respectively, flying in formation, and being guided on 
their course by the smoke and searchlights from the destroyers 
which were stationed at 50-mile intervals all the way to the 
Azores. Throughout the night the weather was clear, but by 
daybreak fog came up and separated the three seaplanes. The 
NC-4 then drew ahead and reached, without any incident, 
Horta, on the island of Fayal, where it landed at 1.08 p. m., 
G. M. T., having covered 1200 sea miles (1380 land miles) in 
15 hr. 5 min. 

The NC-3 and NC-1 were not so fortunate, however. The 
NC-1 got into the thick of the fog and, having lost her bear- 


ings, was compelled to make a landing, which was successfully 





AVIATION 





June 1, 1919 


carried out at 1.10 p. m., Saturday, despite a rough and choppy 
sea and a strong wind. At 6 p. m. the NC-1 sighted the steam. 
sip lonia and taxied toward her; a boat was lowered from the 
ship and the crew of the seaplane was taken on board. At- 
tempts were made to salvage the NC-4, but the tow lines broke 
in the heavy sea, so that the seaplane had to be abandoned and 
eventually sank. But for the fog the NC-1 could have reached 
Horta, for the engines worked splendidly throughout the trip, 

The NC-3, which had flown at a higher level than her two 
econsorts on account of the failure of the lights on the instrn- 
ment board and low-lying clouds, which made it necessary to 
have the heavenly bodies for reference, was somewhat thrown 
off her course by the high velocity of the upper winds and ran 
into heavy rain squalls on Saturday morning. With only 2 hr. 
fuel left, she made a landing at 11.30 a. m., some 100 miles 
from Horta, in order to make observations, but the heavy sea 
slightly damaged the hull and seriously damaged the center 
forward engine struts, which made it impossible to leave the 
water. Commander Towers thereupon decided to make for the 
nearest shore, and succeeded in reaching Ponta Delgada at 5.50 
p. m., G. M. T., on May 19, after having outridden a gale which 
lasted two days. The NC-3 suffered severely in the storm, los- 
ing both wing pontoons, but nevertheless sailed the total dis- 
tance of 205 miles under her own power. Upon examination, 
at Ponta Delgada, it was found that the NC-3 was unfit for the 
second leg of the flight, and would have to be rebuilt in part. 

On May 20 the NC-4 proceeded on her voyage, flying from 
Horta to Ponta Delgada, a distance of 115 sea miles (172 land 
miles), in 1 hr. 44 min. Bad weather then set in, and at the 
date of writing the NC-4 is still at Ponta Delgada awaiting 
favorable atmospheric conditions to complete her trans-Atlantie¢ 
flight. 


Hawker and Grieve 


Harry G. Hawker and Lieut.-Comdr. Mackenzie Grieve, 
R. N., pilot and navigator, respectively, of the Sopwith biplane, 
entered for the Daily Mail trans-Atlantic flight competition, 
took off at 5.51 p. m., G. M. T., May 18, at Mount Pearl aero- 
drome, near St. Johns, N. F., in their attempt to reach Ireland 
in a non-stop flight of 1925 sea miles. After nothing had been 
heard from them for several days it was feared that the in- 
trepid fliers had been lost at sea. 

Altogether the weather at Newfoundland was quite favor- 
able for the attempt, with a cloudiess sky and a moderate 
favoring breeze, but later weather forecasts indicated anything 
but favorable conditions toward the Irish coast, a marked de- 
pression, with rain and fog being reported for those quarters. 
[t was believed that the two gallant Britishers were eventually 
blown out of their course and, having run out of fuel, were 
compelled to alight on the sea; in this case they had but the 
slightest chanee of being reseued, for their machine had no 
pontoons or even any temporary floating arrangement, only a 
small boat carried on the top of the fuselage, and unsinkable 
suits having been provided for their safety. 

However, on May 25, the Danish steamer Mary reported to 
have “ saved all hands of Sopwith airplane,” and the following 
day Hawker and Grieve were landed at Thurso, Scotland. Ac- 
cording to a statement made by Hawker, he was compelled to 
alight on the sea some 800 miles off Ireland on account of radi- 
ator trouble, and was picked up by the Danish steamer after 
an hour and a half. 

The Sopwith trans-Atlantic biplane was 46 ft. 6 in. in span 
and 31 ft. in overall length. It was fitted with a 12-cyl. 
“ Eagle” Rolls-Royce engine, developing 375 hp. and driving 
a geared-down two-bladed propeller; the fuel tanks held 400 
gal, of gasoline, estimated to last in still air 25 hr. The high 
speed was 105 m.p.h. and the flying weight, fully loaded, 
6300 Ib. 

Another entrant for the Daily Mail competition, the Martin- 
syde biplane (Capt. F. P. Raynham, pilot, and Capt. C. W. F. 
Morgan, navigator), attempted to follow the Sopwith shortly 
after its start, but in taking off the landing gear struck a ridge 
lying athwart the course and collapsed, badly damaging the 
machine in the ensuing crash. Captain Raynham suffered 
minor bruises, but Captain Morgan was badly injured and will 
probably be unable to navigate the Martinsyde after it has 
been rebuilt for a second attempt. 
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The United States naval airship C-5, Lieut.-Comdr. E. W. 
Coil, U. S. N., commander, made on May 14-15 a non-stop flight 
of 970 nautical miles (1115 Sta. miles), from Montauk naval 
air station to St. Johns, N. F., in 25 hr. 40 min. 

According to a statement issued by the Navy Department, 
the cruise was undertaken for the purpose of testing the prac- 
tieal radius of action of this class of airships, as well as their 
ability to operate under varying weather conditions; the out- 


Naval Airship C-5 Makes 1100-Mile Flight 


During the afternoon the wind sprang up again, and grad- 
ually developed into a 40-mile gale. Hopes were entertained 
for a time that the C-5 would successfully outride the storm on 
her moorings, but while the mooring guys held fast, the en- 
velope was damaged by the continuous pitching and yawing 
of the ship, and eventually the forward rigging guys of the 
ear gave way. It was therefore decided to deflate the envelope, 
and Lieut. C. G. Little, U. 8. N., of the handling party, was 

















Nava. Arrsuip C-5 Strartinc oN Her 1100-Miie Cruise 
(C) Underwood and Underwood 


come of this flight would determine the advisability of having 
the C-5 attempt to cross the Atlantic under her own power. 


The Voyage 


The 1100-mile cruise of the C-5 fully vindicated the expecta- 
tions of the Navy department with regard to the cruising 
radius and air worthiness of this airship. Taking off at 8 a. m. 
at Montauk naval air station with a moderate breeze on her 
tail, which increased as she headed seaward, the C-5 shaped 
her course by way of Cape Cod, Cape Sable and Cape Breton 
to St. Johns, N. F. Throughout the day the weather was fair, 
and after nightfall the full moon facilitated progress until 
10.30 p. m., when the sky becanie overeast and the winds be- 
came shifty, making steering exceedingly difficult. For the 
greater part of the night the C-5 swayed and tossed in the 
gale, rolling at times so heavily that the engines choeked and 
temporarily stopped. Intense cold added to the discomfort of 
the crew, but men and machinery stood up splendidly under the 
severe ordeal. When morning broke the storm subsided, but 
fog came up, and the airship lost her bearings. After some 
unsuccessful attempts to determine her position by directional 
wireless, while the ship was cruising over Newfoundland, the 
C-5 succeeded in communicating with U. S. 8. Chicago by 
radiophone, and made at 10.45 a. m. a safe landing at Pleas- 
antville, near St. Johns. An American handling erew which 
was awaiting her arrival then moored the ship to a three-point 
anchorage which had been prepared for the emergency. 

The crew of the C-5 was made up of Lieut. J. B. Lawrence, 
first assistant pilot; Lieut. (j. g.) E. O. Campbell, coxswain ; 
Ensign M. H. Easterly, radio operator, and Chief Machinists 
Mates G. H. Blackburn and T. L. Mooreman, engineers. 
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pulling the rip cord when a violent gust caused the mooring 
guys to give way, while the rip cord snapped in the officer’s 
hand. Lieutenant Little then jumped overboard, spraining an 
ankle, while the C-5 shot upward, dropping the car, and was 
carried seaward by the storm. 


Description of the C-5 


The United States naval airship C-5 belongs to the coast- 
patrol class of lighter-than-air craft, which was developed by 
the Navy for coastal surveillance and convoy work. This par- 
ticular ship was built to the designs of the Aireraft Division 
of the Bureau of Construction and Repair, Navy Department, 
by Goodyear Tire and Rubber Co., at the latter’s plant in 
Akron, Ohio. 

The C-5 is of the non-rigid type, with Goodyear patch sus- 
pension and a single ear. The envelope, made of doubled rub- 
berized balloon fabric, is 192 ft. in length and 41 ft. 9 in. in 
maximum diameter, and has a capacity of 178,000 eu. ft., while 
the ear, built by the Burgess Co., of Marblehead, Mass., is 40 
ft. long. The envelope maintains its shape by virtue of in- 
ternal pressure, exceeding in value that of the surrounding 
atmosphere, which is generated by the slip stream of the twin 
airscrews. This slip stream is collected by two blower pipes 
which discharge the air into a duet leading to two ballonets; 
the latter insure the static trimming of the ship. Additional 
trim control is afforded by two water bags fitted forward and 
aft in the bottom of the envelope, as well as by elevators of the 
conventional type, mounted astern. 

Longitudinal and directional stability are secured by fixed 
horizontal and vertical fins, and steering in the horizonta] plane 











is effected by means of a balanced rudder. The tail planes ar 
eomposed of metal frames surfaced with balloon fabrie and 
are rigged to the envelope by the patch system. 


The ear is suspended from the envelope by the same system, 


] 


consisting of some fifty finger patches, each of which is tested 
to withstand a pull of 2000 lb. and consists of four fabrie strips 
disposed in the shape of a hand which are sewn and cement 
onto the envelope. This type of rigging, while insuring a ver) 
high safety factor, secures a considerable saving of weight ove 
the belly band rigging popularized by the Parseval airships, 
or the internal rope girder of the Astra-Torres system. 

The ear is built up around a wooden four-longeron trus 
girder, stream-lined with appropriate fairing stringers, and 
fabrie covered. Four cockpits are provided in the ear for 
crew, disposed from bow to stern as follows: (1 
pit, (2) eockpit for commander and assistant pilot, (3) coecl 
pit for engineer and assistant engineer, and (4) cockpit fo 
radio operator. Between the third and the fourth cockpits ar 
fitted the fuel tanks, holding altogether 250 eal. of gasoline, an: 
the oil tanks. All cockpits communicate with one another by 
means of a gangway. The forward cockpit is equipped wit! 
a compass only, as the coxswain is charged exclusively with 
directional steering; all other instruments are mounted in tli 
second cockpit, whence the ship is navigated. The aftermost 
eockpit is fitted with a radio apparatus having a sending rang: 
of about 150 miles, though messages from a greater distance 
may be received, and with a radiophone, for communications 
of lesser distance with ships and shore stations. 

The power plant consists of two water-cooled vertical 6-ey! 
Union engines, each of which develops 125 hp. at 1350 r.p.m 
The fuel consumption, determined for the Navy in a 48-hr. 
endurance test, is 0.558 lb./hp., and the oil consumption 0.0124 
lb./hp. The weight of the engine, complete with two car 
bureters, two Dixie magnetos, pumps and water piping, is 485 
lb., which gives a weight of 3.88 Ib. /hp.* 

This initial weight, which might seem-rather high when com 
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pared withh the typical airplane engine, is, iowever, more than 
compensated for by the very great sturdiness and the low fue 
consumption of the Union engine—features which make of jt 
a particularly desirable power plant for airships where endur- 
ance flights of 20 hr. are quite normal and cruises of 40 or 
50 hr. are far from unusual. ea 
Tl e two engines are mounted on either side ot the car On 
tubing’; cooling is secured by hon veomb 
radiators fitted im front of the engines. 
Hand rails are provided on either side of the car for the 


handling of the ship on the ground, and cellon windows are 


let in the forward portion of the ear to enable the commander 


to inspect the ground, or sea, below. 


; } 
outriggers oL steel 


The high speed of the C-5 is from 55 to 60 m.p.h. As the 
engines consume a total of less than 10 gal. of fuel per hour 
at a speed of 50 m.p.h., the fuel capacity of the ship would 


enable her to cover in still air a distance of about 1300 miles 


without refueling. However, by reducing the speed to 30 
i.p.h., the endurance can be inereased to 60 hr., that is, 1800 
miles. Aecordinge to the New York World, provision has been 


, 


nade on the C-5 for driving the engines on a mixture of gaso- 
the latter gas forms an exeellent combusti- 


li e@ al d hydrogen: 

] . 4 Ps ++] P ] an . : ° 
ble mixture with gasoline, as is explained elsewhere in this 
issue, and is readily available whenever gas has to be released 
on account of its expansion or the lightening of the ship due 
to fuel consumption. Thus, instead of going to waste, the 
hvdrogen, which is normally expelled from the gas valves, 
would assist in increasing the endurance of the airship. 


The C-5 is equipped with regular position lights (green star- 
board and red port lights, and a red tail light) and with a 6-in, 
Aldis searchlight for signaling to ships and aircraft; the nacelle 
is internally lighted by electricity, while the instruments are 
radium-lighted. 

The statie ceiling is 8600 ft., and the rate of climb 1000 ft. 
per min. 

The full speed endurance is 10 hr. 


Aircraft Transmitting Equipment, Type SE-1310 


This aircraft transmitting set was designed and built by th 
International Radio Telegraph Co. of New York to meet th 
urgent need of an airplane transmitter to cover greater ranges 
than those in use at present. It was designed especially for 
use on seaplanes of the HS type, but was first installed on the 

















THE COMPLETE TRANSMITTING SET 


NC type of flying boats in the recent trans-Atlantic flight 
These sets were designed to give a normal operating range of 
350 to 400 miles under ordinary or about 250 miles under ad- 
verse transmitting conditions, although under more favorable 
conditions they have a range of considerable distance, such as 


*A detailed description of the Union engine appeared in the Marci 
15, 1919, issue of AVIATION AND AERONAUTICAL ENGINEERING. 


was demonstrated during the reeent trans-Atlantie flight of the 
NC-1, NC-3 and NC-4 flying boats. During this flight the 
Navy Department states that these transmitting sets were 
heard and copied over a distance of 1200 miles. 

The complete set consists of all the accessories necessary to 
install, repair, and replace broken parts, but only the actual 
set as installed in the plane will be described. 

The transmitter itself consists of a 550 watt, self-excited 
inductor type alternator, an aluminum sheet or casing, of the 
generator and attached to the rear 
thereof, and in which are contained the power transformer 
and the rotary spark gap. To the end of this aluminum shell 
is attached a streamlined hood, composed of fabric impregnated 
| This serves as an enclosure for the condenser 


same diameter as the 


With Dake ( 

and the oscillation transformer which are, however, bolted to 
the aluminum shell extending back from the generator, rather 
than receiving any support from the hood. The hood also is 
attached to the aluminum shell, by means of slotted channels 
and spring dowels, which make it readily removable for inspee- 
tion and adjustment. The aluminum casting is also provided 
with a water tight hand hole, by which access may be had to the 


rotary gap. 

The generator itself is a special inductor type alternator, 
designed for a speed of 5000 r.p.m. and develops from 135 to 
150 volts on oven cirevit at 1000 eyeles. The full load voltage 
is approximately 100 volts. The stator consists of four direet 
eurrent poles, into each of which are cut four slots for the 
alternating current winding. The rotor is made with twelve 
teeth and acts as the inductor. The direct current winding for 
exciting the field is wound in the slots between the teeth and 
delivers current to the field through an externally mounted 
field switch. The switch is arranged so that the alternator field 
eireuit is closed only when transmitting, and in closing the cit- 
euit a battery is momentarily connected in to insure its build- 
ing up. 

The gap equipment comprises two rotors, one having twelve 
and the other eight teeth, mounted directly on the generator 
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shaft by an insulating molded hub. This gives the set two 
different spark tones, 1000 and 666 sparks per second, which 
greatly increases the selectivity of the transmitter. The fixed 
element consists of two tungsten electrodes mounted on a 
holder which can be rotated through 180 deg.; the other elec- 
trode is brought into use with the twelve-tooth rotor, while the 
one located opposite the eight-tooth rotor is inoperative. By 
means of an eccentric bushing in the bracket by which the elee- 
trode holder is mounted on the generator rear bearing housing, 
the distance between the tips of the rotor teeth and the fixed 
electrode can be adjusted. The angular adjustment is obtained 
by loosening the clamp that holds the electrode bracket. 

The power transformer is of the closed core type, the ratio 
of transformation being approximately 1 to 34. 


The condenser is of the mica dielectric type, having a eapac- 
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ity of 0.010 mf., and is mounted by means of an aluminum 
easting which also supports the oscillation transformer. 

The latter is of the conductively coupled type and consists 
of seven turns of No. 10 B and S bare copper wire, wound in 
grooves in a bakelite cylinder. Three taps are brought out, 
with suitable terminals for the primary connection, by which 
the primary can be adjusted to wave lengths of 335, 375, and 
425 meters. The terminals for the primary connections are 
mounted on the base of the oscillation transformer. The 
coupling taps are brought out to a switch located on the rear 
end of the oscillation transformer, and permit adjustment to 
six degrees of coupling. 

The antenna used is of the trailing type, consisting of a 250 
ft. length of silicon bronze stranded antenna wire to the end 
of which is attached a stream-lined lead weight. The antenna 
is brought into the cockpit through insulators having a metallic 
bushing with flared ends to a reel upon which the antenna is 
wound when the plane is about to descend. Connection to the 
antenna is made by a terminal connected to the bushing in the 
insulator. 

The antenna is paid out to its full length, and the open cir- 
cuit tuned by means of a variometer which is assembled to 
include a hot wire ammeter for indicating resonance. 

The variometer consists of 50 turns of No. 14 B & S bare 
solid copper wire, wound on a thin, hollow cylinder of micarta. 
The inductance is varied by means of a trolley, hand operated 
through a rack and pinion, which moves parallel to the axis of 
the coil, and makes contact with the bare turns of the coil 
through a recess cut in the cylinder. The trolley can, therefore, 
be made to eut in, or out, one turn of wire at a time as it is 
moved along. The dead end of the coil is connected to the 
trolley contact and is thereby short-circuited. A copper ring 
moving with the trolley inside the coil serves to prevent spark- 
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ing at the trolley contacts by shielding the magnetic lines of 
foree from the turn short-cireuited by the trolley. 

The transmitter is usually mounted on the boat by means of 
a special strut or wing fitting, usually on the lower side of the 
upper frame. On the NC type of trans-Atlantic seaplane a 
special mounting was arranged on a rear strut in the center 
of the boat, so that when the boat was not flying, the trans- 
mitter could be moved up on the strut into the wash of the 
propeller of the center engine. This engine could then be run 
at a speed not sufficient to cause the boat to move, but still 
sufficient to operate the radio set. A skid-fin antenna is used 
when operating under these conditions. This antenna amounts 
to nothing more than a T antenna strung across the top of the 
boat between the skid-fin of the plane and a lead-in dropped 
down from the center. The ground is made at the keel of 
the boat. 

The leads from the transmitter are brought, through the wall 
of the boat to the cockpit. In order to make it possible to 
operate the set from various points of the boat several keys are 
installed. These keys are of the flame-proof type and are 
equipped with winker lamps connected to a transformer across 
the key contacts, which serve to indicate whether or not the 
line is in use. When no keys are being operated the lights burn 
continuously until one operator presses his key. Then all lights 
go out corresponding to the operation of the key. 


Loening Monoplanes for Navy' 


The first Government peace time order for airplanes has 
been placed by the Navy Department with the Loening Aero- 
nautical Engineering Corp., New York, for the immediate 
delivery of six special Loening monoplanes which are to be 
used by the Navy for shipboard observation use. 

Recent experiments, started just prior to the close of the 
war and continued for several months thereafter, have disclosed 
the remarkable efficiency with which fast high-powered air- 
planes ean be used in the naval service for observation and 
spotting of gun fire of the battleships. 

The machines for the U. S. Navy will be so equipped as to 
permit of launching off the deck of a ship, as it has been found 
that the light monoplane type of machine can be accelerated 
very quickly, particularly when equipped with an engine as 
powerful as the 300 hp. Hispano-Suiza, which is being used 
on this type of eraft. 





The New Air Program 


Contracts for at least 500 airplanes of the very latest types 
will be awarded to American manufacturers under plans pre- 
pared by the Army Air Service and sent to Secretary Baker 
for his consideration. The primary purpose would be to keep 
the industry in such condition as would insure its rapid ex- 
pansion to meet the requirements of a national emergency. 

Seven types of planes have been approved by the Air Service 
as representing the most modern developments in the science of 
aviation. They are the Le Pere reconnaissance plane, the 
Loening fighting monoplane, the Thomas-Morse scout, the 
U. S. D. 9-A day bomber, the Vought advance training plane, 
the Martin day bomber, and the Ordnanee Engineering Corp. 
pursuit plane. 


Air Commission to Europe 


Benedict Crowell, Assistant Secretary of War, and a num- 
ber of military and civilian aviation experts sailed on May 22 
for Europe to study possibilities of developing the science of 
aviation along the lines of civil usages. 

Included in the party are Lieut.-Col. James A. Blair, of the 
general staff; Capt. Harry C. Mustin, U. 8. N.; S. S. Bradley, 
of the Manufacturers’ Aireraft Association; G. H. Houston, 
President of the Wright-Martin Aircraft Corp., C. M. Keys, 
Vice President of the Curtiss Aeroplane and Motor Corp., 
and Howard Coffin, of the Council of National Defense. 

Col. Halsey Dunwoody, Chief of the Air Service overseas, 
will join the party in Franee. 
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Course in Aerodynamics and Airplane Design 


Part I[1.—Experimental Aeronautical Engineering 


By Alexander Klemin 


Technical Editor, Aviation and Aeronautical Engineering; Consulting Engineer, Aerial Mail 
Service; Consulting Acronautical Engineer 
(Copyright, 1919, by Alewander Klemin) 


Section 5. Full Flight Testing 


Physical Data for the Atmosphere—Full flight testing may 
have one of two objects: first, the routine testing of a new 
airplane for speed at different altitudes, climb, stability and 
maneuverability ; second, research testing for purposes of aero- 
dynamical investigation. We shall confine ourselves to a con- 
sideration of routine performance testing solely. Even routine 
performance testing involves the possibility of many errors, 
and requires great care and, above all, standardized methods, 


Gort grode 
Fig. 1 


in order that true comparisons may be made between tests on 
different planes. 


_ Formula for Density of Air—For a perfect gas, PV = RT 
is a well-known thermodynamic law, where P = pressure in 
suitable units, V = volume of unit weight, R = a constant, and 
T = absolute temperature. 
From this it follows that 

are 

ee 
ae oe 
and since _ = density in appropriate units, 
D= = density formula for all gases. 


Or, in more convenient form, 


PC 1 
D = —where C = 
7 Where 7 


= some constant. 
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From this also follows the useful equation 
D, “se P, T, 
D,~ P.T, 


. . PC ‘ reais 
The equation D = > cin be expressed in a number of units. 


(a) Density in grams per cubic meter. 
Density of air at 0 deg. Cent. (or 32 deg. Fahr.) and 760 mm. 





Jemperoture in 
Fic. 2 


Cenngroce 


(or 29.92 in.) equals 1292.8 gm. per cu. m. 

Standard density of air at 16 deg. Cent. (or 60.8 deg. Fahr.) 
and 760 mm. = 1221 gm. per eu. m. 
1 ne P X 464.39 


T 
where P = pressure in millimeters of mereury at 0 deg. Cent. 





T = absolute temperature in deg. Cent. 
»« PX11795 
2....D=— — 
T 
whers P = pressure in inches of mercury at 0 deg. Cent. 
T = absolute temperature in deg. Cent. 
= reading on Centigrade scale -+- 273 deg. 
8... Da PX zea 


where P 


T 


pressure in inches of mercury at 0 deg. Fahr. 
absolute temperature on Fahr. scale 
reading on Fahr. seale -+- 459.4. 











(b) Density in pounds per cubic foot. 


Density of air at 0 deg. Cent. (or 32 deg. Fahr.) and 760 


mm. (or 29.92 in.) = .08053 Ib. per eu. ft. 


Standard density of air at 16 deg. Cent. (or 60.8 deg. Fahr.) 


and 760 mm. (or 29.92 in.) = .07608 Ib. per cu. ft. 
At varying pressure and temperature, considering D th 
density in Ib. per cu. ft., 
P 
(1) D=>— .02902 
7 
where P = pressure in mm. of mereury at 0 deg. Cent. 
Y = absolute temperature on Cent. scale. 





4 a) GS & 7D 60 50 4O 
Fig. 3 


r on 
(2)D= < 0.7347 
r 
where P = pressure in inches of mereury at 0 deg. Cent. 
T = absolute temperature reading on Cent. seale. 
P 4 anne 
(3) D= _. & 1.2366 
T 
where P = pressure in inches of mereury at 0 deg. Fahr. 
T = absolute temperature on Fahr. scale. 

Reduction to percentage of Standard Density—The standard 
density of 60.8 deg. Fahr. (or 16 deg. Cent.) and 29.92 in. 
(760 mm.) has been adopted officially in British full flight 
testing, and it would indeed be excellent practice to adopt this 
standard in American work. Air speed indicators are calibrated 
to this siandard density, and density at altitude is referred 
to the same standard. It becomes very convenient to refer to 
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this density in many computations, hence charts have been 
drawn up, as shown in Figs. 1 and 2. These charts are self. 
explanatory and will be found very useful. In Fig. 1 the 


temperature is in Centigrade units and pressure in millimeters, 
2 the temperature is in Centigrade units and the 


while in Fie. 





Fig. 4 
pressure 1s in inches of mereury. The curves were obtained by 
using the density formulae of the preceding paragraphs. 
Standard Atmosphere—In computing the results of climb 
and speed tests, under varying atmospheric conditions, the 


TABLE L 
Density Values at Various Altitudes 
Height Percentage of 
n Feet Standard Density 
) 102.6 

000 99.4 
2 000 96.3 
3,000 93.2 
t,000 90.3 
5,008 87.4 
6,000 84.6 
6,500 83.3 
7.00% 81.9 
8,000 79.2 
9 OOK 76.5 
0.00% 74.0 
1 OOM 71 7 
2 000 69.5 

000 67 
1.000 65.2 
15,000 63.0 
16,000 61.1 
6,500 60.1 
7.000 591 
8,000 57.1 
1,00 55.2 
1,00) 53.3 


British have adopted a standard atmosphere in which a definite 
ratio of the standard density at 16 deg. Cent. and 760 mm. is 
taken to correspond to every altitude. 

In the accompanying Table 1 the height in feet and cor- 
responding percentage of standard density are tabulated, and 
a curve between the two is given in Fig. 3. 

Performance, both as regards climb and speed, is not de- 
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Hence the adoption 
of a standard relation between altitude and density furnishes 
a true basis of comparison, and still gives a conerete reference 
to altitude, but eliminates variations due to changing weather 


pendent on altitude, but solely on density. 


Relationship between Pressure, Temperature and Altitude— 
For a complete understanding of the working of an altimeter 
or aneroid barometer, it is important to establish the funda- 
mental formulae for variation of pressure, with temperature 
and altitude. 

If two lavers are a distance dh apart in the atmosphere, and 
in equilibrium under the action of gravity, and the density of 
gas is J), then the variation in pressure per unit area is given 
by the equation 

dP = — Ddh 


sign being present since the pressure is diminish- 


the negative 


ing. 
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D = 1293 gm. per cu.m., 
hence = 1.293 kgm. per cu.m., 
5 ; 
I 4 10333 — 3000 
D~ 1.393 


= 18,400 ' 


and A 


I 


wihhlliy tee 
0.4343 
so that the equation becomes 

h = 18,400 (log,,.Po ee log, P) 
Po 
P 


In Fig. 4 a curve giving this relationship is shown. 


In English units h = 60,367 log,, 


Correction of Halley’s formula for Temperature—Halley’s 
formula takes no cognizance of variations due to change in 
temperature, to atmospheric humidity, to variation in gravity 
at varying latitudes, and to variation in gravity at varying 
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Pressure 7 laches 19. 
ea Fic. 6 
Fig. 5 
P P distances from the center of the earth. Laplace originally 
Now since D = if 7 remains a constant, )) = where developed a formula which took cognizance of all these varia- 
RT { ° pas . ° 5 
; p . tions. The most important is that due to temperature. 
A is a constant equal to RT = —, The first equation in the derivation of Halley's formula is: 
AdP 
at ; A dP —__—__ == — Dah 
rhe equation dp = — Ddh ean be written a dh. P 
; ea , This is true where temperature remains constant. For varia- 
Integrating this equation, we obtain between limits P, and P, D r 
Po ees ne tion in temperature only, =! = —?, where 7, and 7, are in 
h=A log, , which is known as Halley’s formula. D, : 
: 2 


To transform to common logarithms, we divide by the con- 

stant 0.4343 and 
) 

t= A log,, Po = ~ (log Po — log P.) 

0.4343 “" P 0.4343 

Halley's formula immediately gives a relation between the 
pressure of air and height where the temperature remains con- 
stant. It can be written numerically for either metric 0 
British units. 

Thus, if 7 =0 deg. Cent., and pressure P, = 760 mm. of 
mereury or 10,333 kgm. per sq.m., then 


absolute temperature units. 
Accordingly, if the constant 4 in Halley’s formula has been 
deduced for a certain temperature 7,, the integration will 


become 
AdP _ D 9 dh 
Pee ae 


AdP _ ie ta +t, ah 
yf ta +t, 


or 

























\ 


3 \\ 
\ \\ 


\ 











a\\S WAFS 


Ny SSW IST \\ \)\) —~ id 
ec SS TS aw IE 


Dredg 24) 





li) ; ‘NYS \\' \ ANN \\ \\K\\\ 


‘\ 
\\ 
\ \ 


| 
}y At} 
1ithh 
hits 


ry 
\| 


Kh 
| Yh. 


\ \\\ \\ \ 


} 


TUVyy 


7 NY Ni 





W 


Y WW W 








{ 


% | Mein. 


X : 
Y 


\ 
‘ 














' 


\% NRANSRER eR « 
iy) VY \\ \\ \\ \\\ WN 





IW \ ANY hs MN \\ i 


S N\ 
CLA AAA RAAM AA RAE KAAS ORE EEA AAR OOM ARORA RAABRBRAAAA RL EB KORRARRRRARRARAAMAAAD D 




















CLA RAARAAABAAAARAARARAAARARARRAOROE OR RAARAARASAAAAL 








AAAAAALACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR AAA AR AAA RRA 


iy Se 


v. 


a OSS 


\\ 
\ 


MY \\ aK 
A 


ie D 
) 
4 F . 
\, 
4\\ ’ 
‘ . 
nee 
‘ 
q at 




















—————— 








—$————— 


180 horse-power types. 
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The Motor that made the Spad possible” 


Pu 


WO conspicuous examples of the merit and 


reliability of aeronautical engine perform- 
are instanced in the 
HISPANO-SUIZA 
AERONAUTICAL 


in both the 300 and 


b 


installation, in the famous Loening and Vought 
aeroplanes, designed primarily to allow the fullest 
expression of this remarkable engine’s individuality 
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AVIATION 


where ¢, and ¢, are in Cent. or Fahr. units, and ¢, is 2 
Cent. scale and 459.4 on Fahr. seale. 

Since temperature does not vary in any direct manner with 
the height, it is impossible to integrate this directly. Between 
two altitudes where the distance is not too great, it is sufficient- 
ly aceurate to take the mean temperature. In finding altitudes 
of several thousand feet where temperature is recorded at 
intervals, the computations are repeated at these intervals and 
sufficiently accurate results are obtained. In Fig. 6 a correc 
tion chart for temperature is given. 


Bureau of curve—If f is é 
vapor pressure of water in the atmosphere, expressed in th 


same units as P, then when D is ealeulated from values of P. 
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Fig. 7 
instead of P the expression P — 0.377 f is employed. This is 


a very small difference. In the Bureau of Standards altitude- 
pressure curve (Fig. 5) allowance has been made for humidity. 
This curve is used for the commercial calibration of altimeters 
and barographs, which are always calibrated for a temperature 
of 50 deg. Fahr. 

The modified Halley formula for this curve is 


H = 62900 log, Py 
P. 


4 ’ 
and the lines for the eurve are given in table II. Henee 
for any altimeter used purely as a pressure instrument, the 
pressure corresponding to any altitude can be obtained at once. 

Alignment Chart for Altitudes—In Fig. 7 is given an align 
ment chart for altitudes based on the formula, 


: P 
H = 62900 log,,—°, 
. P 
at an isothermal temperature of 10 deg. Cent., or 50 deg. Fal 
and the temperature correction of 
(273 +t) 
283. 

This chart would only be absolutely true for high altitudes 
when the correction temperature is constant throughout. It is 
approximately true if the mean temperature between the two 
altitudes is found. It is almost exactly true if differences o 
altitude are sought and these differences are small. 
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To use the chart it is only necessary to lay a straight edge 
across it diagonally through the correet pressure and tempera- 
ture points; the reading where the straight edge crosses the 
altitude seale is the corresponding height. A piece of fine silk 


rABLE IU 
Table for Altimet: 
0 Deg. Fabr. 
Permissible Performance 


Error in it 


Equivalent Ft. 
0 U 


23.3 1,000 50 
2 000 0 
( 000 0 
4,000 0 

», 000 100 

6,000 100 

7,000 100 

&,000 150 

9,000 150 

10,000 200 

) 11,000 200 

) 12,000 200 
5 5 13,000 250 
i.9 14,000 250 
7.2 15,000 250 
6 .¢ 16,000 300 
f 17,000 300 
18,000 300 

4 19,000 350 
20,000 350 

S 21,000 400 
22,000 400 

= .55 23,000 400 
2 24,000 500 
} 25,000 500 


thread tightly stretched between the thumbs forms a very 
convenient straight edge. The altitude seale is graduated to 
read heights from 4000 to 40,000 ft. on the outside seale and 
from 400 to 4000 ft. on the inside seale. The pressure scale 
is graduated both sides to correspond with the altitude scale. 
[t is only necessary to remember that whenever the pressure 
lies on the inside scale the correct altitude will be found on the 


inside seale also. 


Aeronautical Patents 


ISSUED Marcu 4, 1919 
Kahl, Brooklyn, N. Y. Flying-machine. 
Herbert T. Nowell, Billings, Mont., assignor to Fred 


1,296,009—To John F. 
1,296,310—To 


erick C. Austin, Chicago, Ill. Projectile. 
1,296,578—To Clyde L. Welsh, Pittsburgh, Pa., assignor to Welsh 


Adjustable Aeroplane Co., Pittsburgh, Pa. Aeroplane. 
1,296,551—To Daniel Pecher, Princeton, British Columbia, Canada, 

assignor of one-third to Tom Guyton and one-third to Joseph 

Pawlick, Princeton, British Columbia, Canada. Aeroplane. 
1,295,968—To Everard Richard Calthrop, London, England, assignot 


to E. R, Calthrop’s Aerial Patents, Ltd., London, Eng. Para- 
chute 
1,295,970—-To Melvin Bent Cumbler, Harrisburg, Pa. Aeroplane. 


1,296,528—To John F. Kinney, Bumboldt, Kans. Aeroplane. 


ISSUED MARCH 18, 1919. 
(Withdrawn. ) 


lo Charles R. Cavanagh, Boston, Mass. Flying machine. 
Airplane. 


1,297,746 
1,297,795 
1,297,604—To Thomas B. Smith, Cheriton, Va. 


1,297,331—To Serge Vincent De Bolotoff, London, England. Means 
to receive strut ends in airplanes and other structures. 
1,297.882—To William D. McCormack, Nashville, Tenn. Attachment 


for aircraft to render same invisible. 
ISSUED MaAaRcH 25, 1919 


Mougey and James M, H. Jacobs, Dayton, 
Fuel tank, 
Safety appa 


1,298,080—To Harry C. 
Ohio, assignors to the Dayton Metal Products Co. 

298.615—To Le Roy John Wilkinson, Omaha, Nebr. 
ratus for aviators 

1.298,038—-To Frederick Michael Green, Parkside, Coventry, England, 
assignor to Siddeley-Deasy Motor Car Co., Ltd., Parkside, Coven- 
try, England Landing chassis. 

1.298.625—To Paul G. Zimmermann, Buffalo, N, Y., assignor to Cur 
tiss Aeroplane & Motor Corp. Landing gear for airplanes. 


1,.298,133—To Henry Wilson-Fox, London, England. Aircraft. 
1,.298,487-——To Spenser A. Flower, London, England. Airship. 
1.298,.338—To Lewis Montgomery Murray Hall, Ealing, Lormdon, Eng 


land Airplane 
1,298,082—To John Neff, Sr., West Hoboken, N. J. Airship. 
1.298.120—To George F. Swain, Chicago, Ill. Fiying machine. ; 
1.298,516—To Henry Kleckler, Buffalo, N. Y assignor to Curtiss 


Aeroplane & Motor Corp \eroplane-Control bridge. : 
1.298.515—To Henry Kleckler guffalo, N. Y assignor to Curtiss 
Aeroplane & Motor Corp Fuselage clip. 


Daédton, Buffalo, N. Y., assignor to Curtiss 
Aeroplane & Motor Corp. \erofoil construction, 

1,296,799 lo William L. Gilmore and William E. Valk, Jr., 
N. ¥.. assignors-to Curtiss Aeroplane & Motor Corp. 
for aeroplanes 


1,296,775—To Nelson W 


3uffalo, 
Radiator 

















Veneer Body 


Test of USXB-1 Bodies 


Widman USXB-1 Type—tThis body, built for a Bristol-type 
two-seater fighter, had longerons of solid gray elm, with 
laminated skin and bulkheads (Fig. 5). The outer plies in 
the bulkheads were alternately of elm and bireh, while the core 
was of elm in some cases, and of poplar mahogany and bireh 
The skin was secured to the bulkheads with glue 
and brass screws; it varied in thickness from 3/16 to 5/32 in., 
the number of laminations ranging from three to seven, with 
the face grain in all cases longitudinal. The number of lami- 
nations in the bulkheads ranged from seven to thirteen, with a 
total thickness of from ¥% to ¥Y in. 

The weight of the complete body was 206 lb., apportioned 
as follows: 


in others. 


Pounds. 


EGMMOTORS 60 ccsvcces Oe ee Pe ee ee 30.5 
ON NEES ET FE ee ee eee 60.0 
Engine bearers, slot bearers, shelf............ 19.0 
FFF OO EPO EE OEE 15.5 
PE obs b0ken0bes bo OLEEO REO OA ARE aes 92.0 
OT ery rere: ere ee ree 4.5 
EE poh 0 di. are 69-0 4 kek Di wll ear ee SOE @. 18.5 

i PAA Pe ee ee 206.0 




















Fic. 5. WipMan USXB-1 Fuseiace Ser Up ror Test 

Up to a load factor of 7 this body showed no signs of failure 
except for a slight buckling of the skin on the bottom immedi- 
ately in front of the rear support. After an application of 
load 7, however, the front plate fitting bolted to the body failed 
by shearing out the lift wire holes. Owing to this local failure 
it is impossible to say how much greater load this body could 
have withstood before general failure would have occurred. 
There was, however, no failure at any of the joints, which 
were long searfs pressed together, and the toughness of elm 
proved highly satisfactory, giving probably higher total 
strength than the spruce or birch and poplar bodies of the 
same type which were tested subsequently. 

At the time of failure the total load on the body supports 
was 17,850 lb., of which 4870 lb. were on the front support, 
and 13,070 on the rear, giving an equivalent tail loading of 
51.8 lb. per sq. ft. 

Davies-Putnam USXB-1 Type No. 1—This, the first of a 
series of veneer bodies made by the Davies-Putnam Co. for the 
USXB-1 two-seater fighter, proved quite a successful and 
typical construction (Fig. 6). 

The veneer skin had spruce face plies with the grain longi- 
tudinally throughout, and had layers of cotton fabrie between 
all plies. As in the previous type the skin was not the same 
throughout the body, but ranged from two to three plies with 
a total thickness of from 1/12 to 5/32 in. It was seeured to 
the bulkheads and longerons with nails and glue. 


* Concluded from last issue 








Construction 


A detail drawing of the bulkhead at station 7, where the 
point of attachment for the rear lift wires was located, is 
shown in Fig. 7. Most of the other bulkheads were narrow, 
with a minimum width of % in. and with thicknesses ranging 
from %4 to 1 in. in the front portion, and *% to 1 in. in the 
rear. The four rearmost bulkheads extended beyond the body 
so as to form the framework for the upper and lower fins. 

There were four longerons, ash forward and spruce aft, 
the upper being spliced at station 8, and the lower between 
stations 6 and 7 (Fig. 8). The scarfed surfaces of these splices 
were grooved in such a manner that a cross-section through 
them would show a row of teeth ¥ in, deep, this being done 
to inerease the glued area. All splices were wrapped with 
tapé and glued. 


This body weighed, as tested, without wing anchorage 
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Fic. 6. Front ENp View or THE Davies-Putnam USXB-1 
TYPE 1 


fittings, 163 lb., apportioned as follows: 


Pounds. 
OE: s awa cena Cans bt bles fe eee 40 
RIND: 5. 66.30.60 ba 55 sah O46 Obb SE Caste custene 25 
TESCO LC eres Pe he 3 
BR <e anod's 408 60a eae ate onladume CET ee 6 
GR 5 Winla.d teed + bo Gee tnd he be oe 163 


In the first test the body was supported directly on a test 
stand by wooden blocks cut to the contour of the bottom and 
padded with felt. Up to a dynamic loading of 5 no failure 
occurred. The test was then discontinued and the body set up 
supported by regular fittings, but the second test turned out 
badly owing to failure of one of the supports. It was quite 
clear, however, to observers that this body could have withstood 
a dynamic loading of 6. 

Davies-Putnam USXB-1 Type No. 2—This body differed 
from the one just described mainly in that the skin was made 
of spruce plies with cotton sheeting between. Bottom and sides 
from station 1 to 10 (Fig. 8) were three-ply with the grain of 
the face plies running longitudinally. The latter were yy in. 
thick, and the core 1/24 in. thick; the whole was sanded down 
to a thickness of ¥ in. The remainder of the skin was of 
two-ply of 1/24 in. thickness per ply, the whole being sanded 
down to +s in. thickness, 

The bulkheads were of plywood varying from three-ply 34 
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in. thick to eleven-ply 1 in. thick. It is noteworthy that the 
longerons were very nearly in line with the side of the bulk- 
heads, so that there was no eccentricity of action of the shear 
stress such as caused failure in some of the USC-1 bodies previ- 
ously tested. 

The longerons were identical with those of the previous type. 
In all cases the curved face of the longeron was next to the 
skin. 

This body withstood a dynamic loading of 7.5 before final 
failure occurred and thus proved of very satisfactory strength, 
as compared with previous 
examples, which is attributed 


to the elimination of local es = > > 
weaknesses, the distribution tT Tal? ' (7 ZX. $ 
of the grain and the use of | x ‘ 
fabric between the plies of } 18 > > + hs 
the skin. There were signs tL i£ , E 
of strain in the sides and > At ef ff i 
wrinkling of the skin long et CS ear 
before actual! failure occurred, “a kan )) Pan. ' 43 

Tt ey ; on 


but the latter is much less 
serious in a body having a 
layer of fabric between the —/6 th - 
plies of the skin, the fabric 


furnishing considerable _ re- 
sistance to buckling and split- in 2 : 
ting. OT 
Davies - Putnam USXB-1 ms, F 
Type No. 3—This body was Ric. 7 
"IG. (é. 


practically identical with the 
two just cited, with the excep- 
tion of the following essential structural changes: 

The bottom and the sides from stations 1 to 10 (Fig. 8) were 
of three-ply spruce 5/32 in. thick overall, with no fabric 
between the plies. The face plies in this portion were +s in. 
thick with longitudinal grain, while the core was 1 /24 in, thick 
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Fig. 8. ASSEMBLY 
body was % in. thick, consisting of outside plies 1/24 in. thick 
with longitudinal grain and a core of 1/24 in. thickness with 
transverse grain. 

Some of the bulkheads were % and % in. thick, made of 
nine-ply wood, while others were 1 in. in thickness, made of 
eleven-ply. The bulkhead at station 7 formed the point of 
attachment for the lift wires, and annular reinforcement strips 
were fastened to the bulkheads, varying from 2 in. at this 
point to 5% in. in the rear portion. 

The upper longerons were of ash from stations 1 to 9, and 
of spruce in the rear sections, while the lower longerons were 
throughout of spruce. 

Under a dynamic loading of 6.5 longitudinal eracks com- 
menced to show in the skin near station 7, giving evidence of 


DRAWING OF T 
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BULKHEAD OF Davies-PUtnam USXB-1 Bopy 
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high shearing stresses at that point. These cracks increased 
with the next increment of load, and under a factor of 7 the 
upper longerons split at station 7 and the skin failed near by 
due to the vertical tension. 

This test showed that the omission of fabrie between the 
plies slightly reduced the strength of this body, for the Davies- 
Putnam Type 2 body had a lighter skin throughout than 
Type 3 and also had a smaller total weight, yet it developed 
a higher strength than the third body, which is highly in- 
structive. 

Recommendations 
As a result of the above 
+, tests on veneer type airplane 


ty} rf bodies the following prin- 
cipal recommendations may 
2, af be set down for the use of 
Se eae airplane designers: 

8 6 (1) The veneer skin should 
: * . be made with a large propor- 
eS tion of the grain running 
| | longitudinally and with the 

— : | face plies of hardwood. 


(2) The use of real long- 
erons (not merely stringers) 
is sound. 

(3) The stiffening of the 
veneer skin with the usual dis- 
position of bulkheads is not 
at all diffieult; excessively 
strong bulkheads are not re- 
quired for this purpose. 

(4) When properly stiffened by bulkheads, the bottom of 
the skin has a decided compression value; consequently it is 
superfluous to use excessively strong lower longerons. 

(5) The skin is considerably strengthened by the use of 
cotton sheeting between the plies. 

(6) Care should be exercised to see that the joints or splices 
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1 USXB-1 VENEER FUSELAGE 
in the skin do not occur at points of great stress. 


(7) The upper longerons should be strengthened at cut-outs 
such as the cockpits. 

(8) Bulkheads should be so designed that they 
up well under local reactions and bending moment 
the lift wires. 

($) Very careful manufacture should be maintained in order 
to insure good uniform results. 
higher strength than the third body, which is highly in- 

For the benefit of airplane designers a general assembly 
drawing of a typical veneer fuselage for the USXB-1, or Bris- 
tol type combat airplane, is illustrated in Fig. 8, with the prin- 
cipal dimensions and distances of stations. All station numbers 
in the deseription of the USXB-1 refer to this drawing. 
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Tailoring of Airship Envelopes 


By R. H. Upson 


Considerable interest has developed both abroad and in this 
country in regard to the established American practice of 
“tailoring ”’ non-rigid envelopes, which gives them certain ad- 
vantages usually thought peculiar to rigid airships without 
spoiling the desired symmetrical shape. This article does not 
deal with the detail of pattern calculation, which is a mere 
mathematical process, nor with the theory of water models and 
static design in general, but simply sets forth some basic no- 
tions underlying this subject. 

As a rule it is necessary to tailor a non-rigid envelope unless 
all the bending moments are balanced against each other at 
each point along the bag. If carefully calculated, this ean be 
done by adjusting the following items in correct proportion: 

















Fig. 1 (ror). AtrsHip Mope. INFLATED WITH AIR 
Fig. 2 (porrom). THE SAME, FILLED witH WATER 


Size and shape of envelope, length and weight of car, distance 
between car and envelope, angle of suspension, size and posi- 
tion of ballonets, weight and location of fin group, weight and 
position of detached power plants, gasoline tanks, ete. 

But tailoring is not always advisable, as, for instance, when 
the general design and purpose of the ship brings the various 
component parts into a position which makes it convenient to 
approximate a good envelope form by other methods. This 
allows, however, a very limited choice in the position of various 
items, such as car, fins, ballonets and fuel tanks. These re- 
quirements are different for almost every different design of 
airship, and in but few cases do they work out conveniently to 
a distribution of load which in itself will eliminate distortion 
in the gas bag. 

When the loads (bending moments) are not distributed uni- 
formly along the gas bag, a rigid envelope will hold its shape, 
but a non-rigid will be strained or bent under the influence of 
tension and shear. <A rather typical form of distribution is 
shown in the accompanying illustrations. This is a small water 
model, made of parallel fabrie to show better how it distorts. 
Fig. 1 shows the model inflated with air, while Fig. 2 shows the 
same model inflated with water, and the photograph turned 
right side up illustrates the appearance of the gas-filled bal- 
loon. 

The parallel fabrie has practically no resistance to shear, 
hence the pronounced double S-shape curve which is formed. 
Here the effect of shear is large compared to that of the direct 
tension. It will be noted that the ends of the inflated balloon 
curve opposite to what would be expected from the force of 
gravity; also, that in spite of distortion the length of the top 
curve from point to point is approximately the same as that 
of the bottom curve. If the fabric had no stretch, the top and 
bottom curves would be exactly the same length, but the shape 
would not look very different. This is approximately the kind 
of curve assumed by the early Lebaudy airships in France 
(which were built of parallel fabric), and to a lesser and modi- 
fied degree by any non-rigid bag with a single ear. 
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The proper amount of tailoring in Goodyear airships is de- 
termined : ; 

(a) By water model tests showing the amount of distortion 
necessary to be overcome. 

(6) By corrections based on the form of the first airship of 
any new series. 

(c) By judgment based on observation of similar types of 
ships and a comparison of bending moments. 

The tailoring is done by eutting out “ pie” shaped vertical 
strips from either the top or bottom of the balloon or both. It 
is found by experiment that these strips may be as wide as 
12 in. without appreciably straining the fabric or unduly local- 
izing the effect. Usual practice, however, in small Goodyear 
airships has been to standardize on strips of 3 in. maximum 
width. 

The final aim may be set down as follows: 

(a) To get a balloon which is near enough symmetrical in 
shape to keep the resistance down to a minimum. 

(b) To get the horizontal fins parallel to the main axis. 

(c) To produce a balloon which is straight and neat in ap- 
pearance. 

(ad) To keep the fabric stresses within proper limits. 

Once an envelope is properly tailored it will hold its shape, 
on the average, indefinitely. The tailoring is based on the usual 
conditions in regard to cable adjustments, air in ballonets, fuel 
in tanks, ete. Variations in the shape are bound to occur due 
to changes in the abeve conditions and due to irregularities in 
the fabric. That these variations are slight, however, is proven 
by the very uniform appearance of all airships which have 
been built to standardized specifications. In the design of new 
ships it has been found better to err in getting the tail a little 
too high rather than too low, because there are always more 
ways of pulling it down than letting it up. In all this it should 
be remembered that the height of the tail and the angle of the 
tail are two different things, which must often be handled in 
different ways. 





Flight License Compulsory 


The Joint Army and Navy Board on Aeronautic Cognizance 
wishes to eall attention to an oceurrence of recent date, the 
seriousness of which must be apparent to every one. 

On March 25, 1919, during the parade held in celebration of 
the home coming of the 27th Division in New York City, a 
flying boat was seen in flight directly up and down Fifth 
Avenue above the parade, at a dangerously low altitude 
estimated to be from three to five hundred feet, which was so 
low that in case of motor failure the pilot would have had no 
choice except to land in the crowd on the Avenue. He could 
not. have reached even a fringe of Central Park owing to the 
number of trees. 

Inquiry has developed that this boat was piloted by a civilian 
who was flying without the license required by the Proclama- 
tion of the President of the United States on February 28, 
1918. This proclamation provides that a license must be ob- 
tained from the Joint Army and Navy Board on Aeronautic 
Cognizanee by or in behalf of any person who contemplates 
flying in a balloon, airplane, seaplane, or other machine or 
device over the whole United States, its Territorial Waters, 
Insular Possessions, and the Panama Canal Zone. Heavy 
penalty is attached to violation of this regulation. 

There is no way of adequately providing for the public 
safety where airplanes fly at too low an altitude over cities or 
large assemblies of people. In ease of accident a pilot would be 
forced to descend immediately, and human life and property 
would be endangered to a serious degree. All persons operating 
civilian aircraft are cautioned against the repetition of an oc- 
currence such as the one which took place in New York on 
March 25, and are warned that before engaging in the opera- 
tion of any airplanes or balloons, they must first secure a 
license from the Joint Army and Navy Board on Aeronautic 
Cognizance. 








By ‘Richard 


Wind tunnel experiments have given us very complete data 
on the lift and drag of a wing of given section and aspect ratio. 
These lift data must then be corrected for the particular design 
in order to allow for biplane interference, aspect ratio, wing 
end form, and model ratio. The drift data must be corrected 
to allow for the parasite resistance of the structure. The sim- 
plest method of procedure is to combine all these corrections at 
one time on the polar diagram of the wing section as giver 
by the wind tunnel data, and to derive from this revised o1 
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Se tion C 








»f the machine as 


machine polar diagram the characteristics « 
shown in the lower performance diagram. 

The accompanying graph sheet has been prepared for the 
purpose of solving the equations graphically and consists of 
a central section A, in which the simultaneous lift and drift 
values (Ky and K,) are plotted in the familiar polar diagram 
of Eiffel. As is well-known, these values may be made to any 
of several sets of units as, for instance, lb./sq. ft. at 1 m.p.h., 
or lb. /sq. ft. at 1 ft. per sec.; the former units are used in this 
article. The right-hand section B consists of radiating velocity 
lines drawn to a horizontal proportion of the square of the 
indicated velocities and having vertical lines representing the 
loading of the wing surfaces in lb./sq. ft. The left-hand lower 
section ( also consists of radiating velocity lines drawn to a 
vertical proportion of the cubes of the indicated velocities, and 
having horizontal lines representing air-horsepower-required 
per sq. ft. 

This graph sheet should be used in the preparation of the 
performance curves of the machine in the following manner: 
First plot in section A the polar curve for the particular wing 
section, marking thereon the angles of incidence; next prepare 
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Chart for Performance Computations 


































I. Elliott 


estimate on the parasite resistance of the machine 
reduced to speed of 1 mile/hr., and further reduced 


to unit area by dividing by the wing area, for instance, if the 


} 
as CLOSE 


an 


as possibli a 


parasiie resistance of a machine traveling at rate of 60 m.p.h. 
and having 300 sq. ft. area is 150 lb. then 
L150 p y 
.000139 K,/A 
60 60 S00 
hereu letermine t machine-lift factors | which are 
whereupon, determine le machine-liftt factors y which are 











CHART FOR AIRPLANE PERFORMANCE COMPUTATIONS 


2 3 4 5 6 rf 
Wing Loading in Lb./ Sq. Ft. 
the compounds of the various factors affecting the lift, 


such as wing interference, aspect, wing end form, and model 
ratios, at angle ineidence. These factors ) will be 
in the form of a percentage and not a fixed amount and must 
be figured for each point desired. We are now ready to plot 
the revised or machine-polar diagram by extending the Kz 
readings toward the left a fixed amount corresponding with the 
value of K,/A, as above determined, and by then shifting the 
point thus found either up or down an amount corresponding 
with the value of y for that angle of incidence as above found. 

Now, since we know the value of the wing loading (W/A), 
we draw a line in section B vertically at the said point, to eut 
the radial velocity | from the intersection of each said 
lines with said vertical line, draw horizontal lines to 
A to eut the revised polar diagram, and then from the 
points thus obtained draw vertical lines to cut the correspond- 
ing velocity lines in section C and read off on the seale the 
hp./sq. ft. required for that velocity, which figures may be 
multiplied by the wing area to give the actual air-horsepower- 
required. These figures are then plotted and form the usual 
lower performance curve of the machine. 
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VALENTINE’ S 


SPAR 


The Varnish That Won’t Turn White 


Lewis and Vought 


insisted on Valentine’s finishes 


HERE is a letter from the Lewis and Vought Corpora- 
tion, of Long Island, N. Y., successful manufacturers 
of Training Planes, that speaks for itself : 





“As you know, the Vought VE-7 Airplane, designed by Mr. 
Chance M. Vought, was adopted by the U. S. Government for its 
standardized advanced training airplane to displace other types in 
use or on order. 


“We insisted, in the Government specifications as standard finish 
of these machines, that the following Valentine products be used: 


“Wood parts: Valentine’s Wood Filler, and Valentine’s Valspar ; 

“Exterior Metal Parts: Valentine’s Blue and Black Enamel 
(baked on); 

“Interior Metal Parts: Valentine’s Valspar ; 

“Fabric Finish: Valentine’s Special Marathon Gray Enamel.” 


Other Airplane Engineers and Production Superintend- 
ents are learning to insist on Val- 
: . Valentine Products used 
spar Varnish and other Valentine 4, the world’s leading air- 
finishes because they have learned plane makers include: 


Valspar Varnish 
that they can depend upon them. achat Low Visibility Gray 








. Enamel 
" VALENTINE & COMPANY Valspar Olive-Brown 
456 Fourth A k Enamel 
shoe eapenty sasorees Valspar Black Enamel 
Largest Manufacturers of High-grade Varnishes in the Word Valspar Khaki Enamel 
ESTABLISHED 1832 : 
New York Chicago VAL INES ete: Bee Valspar Filler (Wood) 
Boston RIN ISH Asastevden Valspar Primer (Metal) 
(Trade Mark) Valspar Primer (Wood) 
VALENTINE’S . P. Futter & Co., San Francisco and Valspar Aluminum Paint 








Principal Pacific Coast Cities 


Dipping, Spraying and 
Brushing coatings of allkinds 








BLACK ENAMEL 
























VALENTINE’S Quick-Drying Insignia 


" 
) AZURE BLUE ENAMEL y Pra 


Valenite Enameis 




























YY) 





VALENTINE’S 
MARATHON GRAY ENAMEL 


VALENTINE'S 


VALS PAR 


‘arnwh That Won't Turn White 
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we gio taaee the last two years, Goodyear 
balloons have traveled more than two 
hundred thousand miles. 

In this time and over this distance they 
have carried more than thirty-six thousand 
passengers —without a single fatality. 
This can be taken as a promise of what 
tomorrow holds for Aeronautics—as an 
indication of the future accomplishments 
of Goodyear balloons. 

But behind this present impressive Good- 
year record isa foundation of nine years 
of Goodyear pioneering. 

It includes an intensive study of aeronau- 
tics that has developed Goodyear balloon 
men of unquestioned authority. 

It includes the construction of more than 
eight hundred balloons—spherical, kite 
and dirigible. 

Today, we are prepared to submit plans 
and specifications for any type of balloon 
desired—from the smaller sizes to the huge 
Trans-Ocean liners. 

Balloons of Any Size and Every Type 
Everything in Rubber for the Airplane 


= 7 
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With Lens 
and Magazine 


$361.2 











Eastman Aero Camera 
Model A-1 


Here is a thoroughly practical Aero Camera that has made good in the Air 
Service of the U. 8. Army and Navy—made good because it is light, compact, 
easily controlled and operated in the air. 


The 10-inch Hawk-Eye Aerial Lens developed by us especially for aerial 
photography works at a fixed aperture £4.5. and cuts clean and sharp from edge 
to edge of the 4 x 5 plate or film. 


A simple adjustment sets the fixed aperture of the efficient Focal Plane 
Shutter at a speed to meet any condition of flight. 


When supplied with a Graflex Magazine it carries twelve 4 x 5 plates which 
may be exposed in consecutive order with exceptional rapidity. 





Official Photograph U. S. N. 
made from U. S. Naval Seaplane with Aero Camera Model A-1. 


Send for descriptive booklet ‘‘ Aero Cameras.’ 


FOLMER & SCHWING DEPARTMENT 


EAsTMAN Kopak CoMPANY Rochester, N. Y. 
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HE enduring reliability cf Bosch Magneto Ignition is recognized and admitted 

wherever gasoline is known. America’s Supreme Ignition System needs no 
sustaining arguments. And behind Bosch Supremacy is Bosch Service. More than 
200 Service Stations in over 200 cities are carrying out the Bosch Pledge of Respon- 
sibility. For the American Bosch Magneto Corporation’s responsibility to its 
product ceases to exist only when the Magneto ceases to exist. 


That Bosch Service organization is growing. Highly developed technical men, 


who are qualified to give service on the same plane of excellence that the Bosch 
Magneto has established, are being welcomed into the organization. 


AMERICAN BOSCH MAGNETO CORPORATION 


Main Office and Works: Springfield, Mass. Branches: New York, Chicago, Detroit, San Francisco 
More than 200 Serv:.ce Stations in Over 200 Cities 


AMERICA’S SUPREME IGNITION SYSTEM && 


MOTOR TRUCKS - TRACTORS = AIRPLANES - MOTOR CARS — MOTOR BOATS — MOTORCYCLES — GAS ENGINES = ETC. 
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“THE SEAGULL’’—Sport Seaplane 


() L-W-F ENGINEERING COMPANY, Inc. | 


COLLEGE .PoInrT, L. I. 











THE ATLANTIC FLIGHT 


Made possible on schedule time by 


PARAGON PROPELLERS 


When other propellers failed PARAGON Propellers and 
PARAGON Service saved the day. 


The new Paragon Booklet, technical and historical, free for the 
asking. 


AMERICAN PROPELLER & MFG. CO. 


Baltimore, Md., U. S. A. 
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THOMAS- 
MORSE 


Tandem 
2-Seater, 
Type S-6 


Equipped with 
80 h. p. 

Le Rhone 
Engine. 


High speed, 
105 M. P. H. 


Landing speed 
35 M.P._ H. 


Climb 7,800 ft. 
in first ten 
minutes. 








































THOMAS~MORSE AIRCRAFT CORPORATION 














ITHACA ,N.Y.U.S.A. 





Aircrart Metar Parts 


DEPENDABLE SERVICE 
QUANTITY- PRODUCTION 


Our plant at Erie—the largest of its kind—specializes on AIRCRAFT 
BOLTS, NUTS and CLEVIS PINS conforming to Government 
Specifications. 

A. product as near 100% perfect in quality and machine practice as the 
human element will permit. 

Please request our New York Office to send you copy of our catalogue. 


ERIE SPECIALTY Co 


Erie.Pennsylvania 
NY.Office 8West40 ®$'t. 
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TELEPHONE: MURRAY + 499 ne 





HARRY E. TUDOR 








i: HET:B 


MARYLAND PRESSED STEEL CO. senha aie 
AIRCRAFT _DEPARTMENT 
- SSS PROPELLERS, PARTS 
‘epee 7 CONSULTING ENGINEER, GIUSEPPE M. BELLANCA AND ACCESSORIES 
HAGERSTOWN, MD. New Yorn Orrices 


re agg 299 MADISON AVENUE 
New York, May 16, 1919. 
Mesers. Average Man & Everyman 

Anywhere, U. @. As 


Gentlemen: 


In @newer to your telepathically-received (mental) inquiry, * 
FLYING SAFE?" would say that according your inquiry immediate at- 
tention affords the writer auch pleasure, in that he hae been ac- 
tively and successfully associated with Duropean seronautical 
enterprise and progress since 1912, and American since 1911. 


During 1913 and 1914 the writer personally supervised passenger 
flighte for virtually all of Shakespeare's "Seven Ages of Man" - 
and Woman. The latter embraced aerial trippers ranging from 
prattling baby girls of three years to dear old ladies of 75 and 
82 years of age. 


In 1914, under the pilotage of one or another of Hendon (London) 
aviators, the Countess of Rutland, the Countess of Dudley, Lady 
Victoria Perie, Mies Trehawke-Davis, and over @ score of other 
proginent leaders of British society, paid ae high as $2500 for 
the "privilege" of looping the loop in an airplane. Lord Carberry 
redeemed his ancestral estates from debt by carrying passengers 
and giving flying exhibitions throughout Great Britain. 


More recently, the heir to the British throne flew over the battle 
lines in France, and yesterday, LOOPED THE LOOP IN AN AIRPLANE OVER 

THE HEART OF LONDON. We may assume that flying is fairly eafe when 

the future hope of the British Empire indulges in aerial acrobatics. 
The Countess of Drogheda is presently giving flying exhibitions in 

aid of the British Red Cross. Premier Lloyd George frequently flew 
between London and Paris to attend the Peace Conference , as did 

Bonar Law, who owne an aero-limsousine. King Albert of Belgium asserts 
i+ ie ecfer "Up there" than "Down here". Other instances may be quoted. 


In March of last year, Senator Harry 8. New, Senator Gore, Congressman 
Schall (the blind Minnesotan representative) and other prominent men, 
executed every known form of aerial gymnastics over the capitol at 
Washington. And so on, ad infinitus. 


You can now the better appreciate that <oteg Z eafe,- provided, of 
course, you have a safe machine. Would you like to know why the 
BELLANCA TWO-SEATER ig & GAFE MACHINE? And aleo why it "fits well 
@round the pocket-book*? 


Yours for safe flying, 


























‘*__and a Picture to look at”’ 


SAFETY 
EFFICIENCY 


ECONOMY 


Par Excellence 
SPECIFICATIONS AND ALL INFORMATION :— 


HARRY E. TUDOR, SALES MANAGER 


299 Madison Avenue New York City 
TEL. MURRAY HILL 4332 
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AERONAUTICAL ENGINEERING CORPORATION 
351-355 WEST 52nd STREET, NEW YORK 


Designers and Contractors to U. S. Army and U.S. Navy 














Aeronautical Engineering and Airplane Design 


By LIEUTENANT ALEXANDER KLEMIN 


Air Service, Aircraft Production, U. S. A., in Charge Aeronautical 
Research Department, Airplane Engineering Department Until 
entering military service in the Department of Aeronautics, Massa- 
chusetts Institute of Technology, and Technical Editor of Aviation 


and Aeronautical Engineering. In two parts. 


Part 1. Aerodynamical Theory and Data Part 2. Airplane Design 
Classification of Main Data for Modern Airplanes; Pnarmed Land 


Modern Aerodynamical Laboratories Reconnaissance Machines; Land Training Machines 


Elements of Aerodynamical Theory Land Pursuit Machine; Land Gun-Carrying Machine; Twin-Engined 
Sustention and Resistance of Wing Surfaces All-round Machine 

Comparison of Standard Wing Sections Estimate of Weight Distribution 

Variations in Profile and Plan Form of Wing Sections Engine and Radiator Data 

Study of Pressure Distribution Materials in Airplane Construction 

Biplane Combinations Worst Dynamic Loads; Factors of Safety 

Triplane Combinations—Uses of Negative Tail Surfaces Preliminary Design of Secondary Training Machine 


General Principles of Chassis Design 


Resistance of Various Airplane Parts ‘at , 
Type Sketches of Secondary Training Machine—General Principles of 


Resistance and Comparative Mérits of Airplane Struts 


rf Body Design 
Resistance and Performance xt i Wing Structure Analysis for Biplanes 
Resistance Computations—Preliminary Wing Selections Notes on Aerial Propellers 


Price, Postpaid, in the United States, $5.00 Net 


THE GARDNER-MOFFAT COMPANY, Inc., Publishers 
22 East 17th Street, New York City 
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Latest photograph of THE ACE, taken dur- Write for new descriptive folder, containing 
ing daily flights at Central Park, L. I. more photographs and’ full specifications. 
Price $2500 


“Gen. Mgr.” AIRCRAFT ENGINEERING CORPORATION ©» wast’tnd ave,"s. y 





fac See aad 








N. W. Dalton, = : : - “ Factory A 

chf. Engr Sales Offices: 220 West 42nd St., New York 535-7 East 79th Street 
Horace Keane, Factory M 

Sales Mer. Flying Field, Central Park. L. I, 417-9 East 93rd Street 


America’s First After-the-War Airplane Designed Essentially for Civilian Use 

















a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the 18 different 

models we are now making 

for |4 aviation motor companies . . . 
reduces vibration and eliminates bearing pressure 


We have shipped 46,637 Aviation Crankshafts to January 16, 1919 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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FILES 

DRILLS 

TAPS and DIES 
MACHINISTS’ TOOLS 
BOLTS and SCREWS 
FACTORY SUPPLIES 
Etc., Etc. 


* this period of reconstruc- 
tion it is more important 


than ever to keep up the stock in 
your storeroom—have the gaps 
filled in and leveled off—to be 
prepared to better meet the new 
conditions as they develop and 
the competition which is sure to 
come. . 


We are ready for you with a 
large and assorted line of 
General Hardware 
Tools and 


Factory Supplies 


and solicit an opportunity to 
figure on your requirements. 


HAMMACHER, 
SCHLEMMER & CO. 


Hardware, Tools and Factory Supplies 


4th Ave. & 13th St. New York Since 1848 
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Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 











Manufacturers of 


Electrical Conductors 


for Industrial, Railway and Commer- 
cial Power Distribution 


also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 


also 


Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd., Toronto 


ENGLAND 
Northern Aluminium Co., Ltd., London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 
































-FOR NAVAL AVIATORS. 


PILOTS WATERMEN 


IMPREGNABLE TO “COLD, WIND, and WATER 


Keeps you afloat in upri ight position—Chest 
high out of water—warm and dry indefinitely 


1) SAVES from DROWNING and EXPOSURE 


Tested, approved and used by the U. S. Army and Navy 
Write for 


















booklet A-A 























REGISTERED TRADE MARK 


METAL WORKING 


LATHE 
Actual Swin, V4 laches 
1 (@) 0) =) Os @ 62) a ee 


50 en LENGTH OF BED 











MANWPFACTURED BY 





NEW YORK U.S.A. oem ADDRESS“ALEDAL’ NEW YORK 
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NIEUWHOF, SURIE & CO., Ltd. 


Head Office: 


_ 95, Lloyd’s Avenue London, E. C. 3 





To get the Best Results with 
THREE-PLY VENEERING, &c., 


the adhesive mixture must contain 


PLYOL 











CA S E | N | Telephones: 


aD DOOD OOO ee Resa ie ee 


Telegrams: 


“Suricodon, Fen, London’’ 
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CASEIN § Aldgate Casein Works 





"DALTON SIX"| 





| DALTON MANUFACTURING CORPORATION | 





Ne. 2B PLAIN MILLER 


Single Pulley Drive 


12 changes sgind geet spindle. 
te= toantneain speed Tbe aes c 
Hardened machine steel gears throughout insure 


mociaunen dabdinn Guan ob a Guapih. 


We also build Universal Millers, Dividing Heads, 


Vertical Attachments and Vises. 
Write fer Circu.ar 


THE FOX MACHINE COMPANY 
1810 W. Gavson St., Jackson, Mich. 


Formerly of Grand Rapids, Mich. 
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Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 
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HIGHER THAN. THE HIGHEST ‘MOUNTAIN 














Pe * 
Pi 6G MILES UP—30,500 feet in the Air, 70° Fahr. of Frost 
hy THE WORLD’S ALTITUDE RECORD 
on a two-seater D.H.9, with 450 h.p. Napier * * Lion” 
Engine, using This low tem- 
perature (38 de- | 
eee below 
) at which 
Castrol “R” 
remained fluid 
again shows the 
40TOR OIL | necessity of em- 
ploying a 
(Racing) Lew lubricant for 

















































I test 
C. C. WAKEFIELD & co.,. MITED " 
Wakefield House. Cheapside, London, © C. 2, Eng. 
































FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 





Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 
equipment of Eng- 
lish Government 


Warplanes. 





SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS 


BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, BOSTON, MASS. 

















SPRUCE LUMBER 


for 
Airplane Construction 





OR twenty years we 
have been exclusive 
manufacturers of PACI- 
FIC COAST SPRUCE 
LUMBER. Our product 
is from the very best forests 


of SITKA SPRUCE. 


We solicit your inquiries 


MULTNOMAH LUMBER 
& BOX COMPANY 


PORTLAND OREGON 
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TINNERS 


BRAZIERS 


IN ALL 
DIAMETERS 
AND LENGTHS 


70 FRANKLIN AVE. 


RIVETS 


RIVETS, 





RIVETS, 








10 BRAZIERS. 


STIMPSON COPPER RIVETS AND BURRS 


WE MANUFACTURE 
BRAKE BAND © 


SPECIAL RIVETS 
AND 
SHEET 
METAL 
STAMPINGS 
MADE 
UNDER 


CONTRACT 


BROOKLYN 
NEW YORK 








1-6 Sele, 











You can dispense with the 
preliminary block test— 


by finding the R.P.M. of airplane motors, 
prior to the final tachometer rating, with a 


Neder 


SPEED COUNTER 





Sesly hold the Veeder against revolving propeller shaft; apply 
slight pressure the moment you start timing; release pressure when 

minute is Up. Clutch starts or stops recording mechanism in- 

ot, giving accurate readings without use of stop-watch. 
rice, $3.00. 


Veeder Counters for recording the production of machines 
are standard for all indusirial purposes. Write for booklet. 


The Veeder Mfg. Co. 


56, Sargeant St., Hartford, Conn. 


product. 


service. 








ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 


STRONG 
EFFICIENT 


DURABLE 


Used on the best American flying machines. 
Our engineering department is at your 


Rome - Turney Radiator Company 
Rome, N. Y., U. S. A. 














‘*The Crankshaft Is the Backbone of the Engine. The Engine Cannot Be Better Than the Crankshaft.’’—N. W. A. 


We have (and propose to have) no catalogue or picture of the ‘‘Whipless”’ 


AKIMOFF CRANKSHAFT 


But we are prepared to give you certain guarantees as to its performance that will mean a great 
deal to you. 


VIBRATION SPECIALTY CO., 


Harrison Bldg., 


Philadelphia, Penna. 


N. W. Akimoff, Engineer and Manager. His initials Our Trade Mark 


Positively not connected with any other concern 
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QUALITY INSTRUMENTS FoR AIRPLANES 


Indicating Dial Type Thermometers for 
circulating oil and water. 


FOXBORO Airspeed Indicators to determine buoy- 
ancy and avoid stalling. 
Oil Pressure Gauges 


Air Pressure Gauges 


The Foxboro line includes many other types of Indicating and Recording Instru- 
ments designed for all sorts of conditions and purposes. 


Bulletin No. BI-110 describes our Airplane Instruments. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U.S. A 


New York Chicago Philadelphia Pittsburgh Peacock Bros. Montreal, Canada Birmingham San Francisco 
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=CYALE-)= 


The Yale Spur-Geared 
Chain Block and the ‘Brown- 
hoist’ Trolley make heavy 
weights almost float. 


j= on any overhead track 
and free from obstructions 
and delays, they hoist amd move 
the heaviest load with safety, speed 
and little effort. 

The sturdy YALE Chain Block 
—with its special steel suspension 
parts, mechanical efficiency and 
great wearing qualities—is the ideal 
hoisting device for any service. 










The trolley is the logical load 
carrier. 

They produce profits from the 
start 





*From-Hook-to-Hook-a 
Line-of-Steel’ 






Ask your Machinery Supply House or write 
for Catalog 15D. 










For a Factory Locking Equipment 
use a Yale Master - key System. 







Write for Particulars 






The Yale & Towne Mfg. Co. 
9 East 40th Street New York City 


















WITTEMANN-LEWIS 
AIRCRAFT 
COMPANY 


NEWARK, N. J. 


HLH 001000000 


Main Office and Factory: 


Lincoln Highway 
near Passaic River 


Telephone, Market 9096 



















LEARN TO FLY 


At the best equipped flying school in the country, where condi- 
tions are excellent for training purposes. 


JN4D TRAINING PLANES 
OX 5 CURTISS MOTORS 


We now have an official observer for the Aero Club of America, 
so that all graduates may secure their certificate from the 
Federation Aeronautique Internationale. 


The complete course costs but $450.00 and we furnish the stu- 
dent with a machine for license tests, with no breakage charges. 


Free illustrated folder on request 


Billy Parker, Chief Instructor 


DEWEY AIRPLANE COMPANY, INC. 


Manufacturers of airplanes for sport, military and 
commercial purposes. 


DEWEY, OKLAHOMA 











JACUZZI BROTHERS 
1450 San Pablo Ave., Berkeley, Cal., U. S. A. 


Propellers of every description for Airplanes, Diri- 
gible Balloons, Helicopters, Ice Sleds, etc., for any 
type of motor, including Motorcycle Motors, Ford 
Motors, Curtiss, Hall-Scott, Hispano-Suiza, Liberty 
Twelves, etc. 





Get our prices before ordering. Highest 
efficiency guaranteed 
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Specialists in Heat- 
Treating Vanadiums 


New York Wire ©& Spring Company 
586 Washington Street, New York 











AIRCRAFT INSTRUMENTS 


COMPASS : TURN INDICATOR 
* BANKING INDICATOR : 
AIR DISTANCE RECORDER 


® WRITE FOR INFORMATION # 


PIONEER INSTRUMENT COMPANY 
380 CANAL STREET NEW YORK CITY 
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Half of the 
American airmen 
have proved the 


| Berling’s worth. 
{ 


‘Berlin ng Wet ineto. 


| WORTH MORE DOES MORE _ 
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PIONEERS IN THE MANUFACTURE OF PROPELLERS 





Formerly 
Established 1910 Eecelsior Prop, Co. 


We carry a large variety of propellers in stock. (No rejects.) 
Contractors to United States Government. 














New York Flying School 
A LIMITED NUMBER 


OF 


SELECT STUDENTS 


are being enrolled for tuition at the above school situated 
within 30 minutes of Times Square (in New York State) 
under the instruction of American “Aces” and retired 
service instructors using modern military training "planes. 
EVERY BRANCH of aeronautics, from ground mechanics 
to Cross Country flying with map and compass will be in- 
cluded in the course. 


COMPLETE COURSE 
including all flights for Civilian License $500.00 with no 
charge for breakage. 

For further particulars, apply by mail to 

D. I. LAMB (lately Military Aviator) 
1l East 38th Street New York City 












NEW ano USED AIRPLANES Ano MOTORS 






Offer, among others, the following Seaplanes and 
Flying Boats 

Curtiss JN4 Seaplane 

Thomas Seaplane 

Standard Seaplane 

Aeromarine Seaplane 

Curtiss Flying Boat 

Thomas Flying Boat 
USAC twin motored 4 passenger flying boat and others 
Aeronautical motors 

30 to 300 HP. 


State your needs 











Land machines 
Tractor biplanes 
Send for lists “ AN” 


Cable Address: USAE, New York 
Long Distance Phone: Cortlandt 449 


LS. ALROLACHANGE ew von cr 


NEW YORA C/TY 













DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 


in the automobile and airplane industries. 


DOEHLER DIE- CASTING Co. 


mur BROOKLYN. NGY? jerw srnsry must 


WESTERN 
TOLEDO.OHIO. NEWARK. N.J. 


Also Die-Cast Babbitt Bearings, Die-Castings 
Brase & Bronse Aluminum and White Metal Alloys 








ON JUNE Ist 


Sales Price on Canadian Training 
Planes Advance to $2,500.00 Com- 
plete, F. O. B. Toronto, Canada. 
Effective that date all outstanding 
quotations are hereby withdrawn. 


UNITED AIRCRAFT ENGINEERING CORPORATION 
52 Vanderbilt Avenue, New York 


F. G. DIrFin, Pres. Roy U. Concer, Vice-Pres. 
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PHILBRIN 


DUPLEX IGNITION 


—with a second system to 
spur the motor to super-service. 


COMBINES two separate and distinct systems in one—a Single 

Spark System, most economical of gas, and offering vastly 
increased power. A Secondary or High Frequency System 
which delivers to each cylinder a stream of a thousand sparks 
a second—overcomes abnormal conditions, such as foul spark 
plugs, poor fuel, poor carburetion, and cold cylinders—offers 
100% Assurance against ignition failure. 

Easy to install, moderate in price. Descriptive catalogues and 
our special sales proposition on request. 


PHILIPS-BRINTON COMPANY 
501 So. Broad Street Kennett Square, Pa. 


“EMAILLITE” 


Five Dollars a Gallon 





| The Premier French “ Cellulose Acetate ” | 
Airplane Dope 


Vanufactured by the 


AMERICAN EMAILLITE COMPANY 


549 West Washington Street, Chicago, Illinois. 








OEBLING 


Aircraft Wire 
Strand, Cord, 
Thimbles and 
Ferrules 





JOHN A. ROEBLINGS’ 
SONS COMPANY 


TRENTON, N. J. 











HARTSHORN STREAMLINE WIRES 


ASSEMBLED WITH HARTSHORN 
UNIVERSAL STRAP ENDS 
MAKE THE IDEAL AEROPLANE TIE RODS 


All streamline wires heat treated in process and produced 
by our carefully developed method of cold reverse rolling, 
will meet the most exacting tests. 


Send for our descriptive circular A-1, describing our wire ind terminal fltting 


STEWART HARTSHORN CO. 
250 FIFTH AVENUE, NEW YORK 











Future Flyers 
ATTENTION! 


You have the opportunity of learning to 
FLY for PLEASURE or BUSINESS 


SCHOOL NOW OPEN. 


We are glad to answer inquiries 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 








CAPITAL JIGS 


“rinpeR STAMPINGS tes — 


E realize im air or at sea there should be so 

faulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL Co. 


LANSING, MICHIGAN 














BOVERY Liberty Aircraft 

Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zenith users. 


Zenith Carburetor Co. 
NewYork DETROIT Chicago 

















CLASSIFIED ADVERTISING 


10 Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 22 East 17th Street, New York. 








HALL-SCOTT, A-7 MOTOR FOR SALE—100 H. P. Aviation 
Motor. New. Has “ Perfect” starter. Cost $5000. Ideal 
Motor for flying boat or land machine. Immediate delivery. 
Price S800. Address Box 114. 

FOR SALE—Four-cylinder, 65 H. P. Roberts motor; set of 
wheels, axle, set of planes, wires, turnbuckles, etc., for $250.00, 
Fred Rohrer, Berne, Indiana. 

WANTED—Number of aeronautical motors, 30 to 60 H. P. 
New or used in good condition. H. Lewis, 5119 Indiana 
Avenue, Chicago, Ill. 
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Impermalin Protec 








HIS waterproof varnish, that defies vibration, 

was used, during the war, by nearly every con- 

tractor who manufactured airplanes for the 
Army or Navy. 

Now that practical peace-time airplanes are being 
made, the Aircraft Engineering Corporation selected 
the finish that made good under severe war-time 
conditions. After giving other finishes every con- 
sideration they have finally decided in favor of 

PRATT & LAMBERT 
AIRPLANE FINISHES 


Made in accordance with specifications of the Bureau of Aircraft Production, 
these finishes meet all the requirements of the manufacturer of modern aircraft. 






















Check off the following in They include varnishes and enamels for brushing, dipping or spraying. No 
which you are interested matter whether it is wood, metal or fabric, there is a Pratt & Lambert Airplane 
and mail to us. Finish specially adapted to meet the need. An experience covering 70 years 


—_—— in the manufacture of varnishes and enamels makes this possible. 


Impermalin a sali Mlle : way P 
| — @ euaterpreef varnish If there are any problems in finishing confronting you if, for instance, 


: for wood and fabric you would like to put panels through from covering to final wing assembly in | 
ae — 12 hours — just write us and we will send one of our airplane specialists to 
Naval Aeronautical Enamel show you how. 
all colors 
| Wing Enamel, a// colors PRATT &® LAMBERT-Iwnc. 
| Liquid Wood Filler Pioneers in the Manufacture of Airplane Finishes 
— 134 TONAWANDA ST., BUFFALO, N. Y. 
iy | Propeller Varnish at FACTORIES 
NEW YORK BUFFALO CHICAGO 








| Preservative Cable Lacquer 
BRIDGEBURG, ONTARIO 
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N 1828, in an Ohio town, a club of young men 

met to discuss the value and feasibility of steam 
railroads then in an incipient stage. 

They desired the schoolhouse for their debates. That 
the school board considered this an innovation border- 
ing upon sacrilege is indicated by its reply. 

“You are welcome to the schoolhouse to debate all 
proper questions, but such things as railroads are im- 
possibilities and rank infidelity. If God had designed 
that His intelligent creatures should travel at the 
frightful speed of fifteen miles¢dn Hour, by steam, 
He would clearly have foretold it through His holy 
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prophets. It is a device of Satan to lead immortal 
souls down to hell.” 

What would this school board say had they lived 
now—when such “ frightful speeds” as 90 miles per 
hour are attained on the railroads and 160 miles per 


’ 


hour by airplanes? 

Such extreme speeds are made possible through the 
use of silent, smooth ball bearings—of that high de- 
gree of efficiency found in Gurney Ball Bearings— 
which eliminate most all friction and stand the acid 


test of severest service. 


Write for Catalog and detailed information 


Gurney Ball Bearing Company 


Conrad Patent Licensee 


Jamestown, N. Y. 
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hanks to the American Navy 
the air road to F urope 


is open! 
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CURTISS AEROPLANE AND MOTOR CORPORATION, Sales Office: 52 Vanderbilt Ave., New York City 
CURTISS ENGINEERING CORPORATION, Garden City, Long Island THE BURGESS COMPANY, Marblehead, Mass 
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